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SPECIFICATION 



NITRIDE SEMICONDUCTOR DEVICE 

Background of the Invention 
Technical Field of the Invention 

This invention relates to a light emitting device 
such as a light emitting diode (LED) and a laser diode (LD) , 
a photodetector such as a solar cell and an optical sensor, 
and other nitride semiconductor devices used for electrical 
devices, for example, a transistor and a power device (which 
is expressed in the formula, for instance, In^AlYGa^.x-Y^f ^ - 
X, 0 < Y, X+Y < 1) . 

Description of Related Art 

A nitride semiconductor device has been practically 
developed for use of a high luminous blue and pure green LED 
to fabricate light sources of a full color LED display, a 
traffic signal, and an image scanner. The LED device 
basically comprises a substrate of sapphire, a buffer layer 
made of GaN, an n-contact layer made of GaN doped with Si, an 
active layer made of a single quantum well (SQW) structure of 
InGaN or made of a multiple quantum well (MQW) structure 
containing InGaN, a p-cladding layer made of AlGaN doped with 
Mg, and a p-contact layer made of GaN doped with Mg, in which 



those layers are successively formed on the substrate. The 
LED device has an excellent opto-electronic characteristics, 
for example, the blue LED has a peak wavelength of 450nm, a 
luminous intensity of 5mW, and an external quantum efficiency 
5 of 9.1%, and the green LED has the peak wavelength of 520nm, 
the liminous intensity of 3mW, and the external quantum 
efficiency of 6.3%. at the forward current of 20mA. 

Since the multiple quantum well structure has a 
plurality of mini-bands, each of which emits light 

10 efficiently even with a small current, it is expected that 
the device characteristics is improved, for example, the LED 
device with the active layer of the multiple quantum well 
structure characteristics has the luminous intensity greater 
than that with of the single quantum well structure. 

15 JPlO-135514, A, for example, describes the LED 

device with an active layer of the multiple quantum well 
structure, which includes a light emitting layer with a 
barrier layer of undoped GaN and a well layer of undoped 
InGaN, and also includes cladding layers having bandgap 

20 greater than that of the barrier layer of the active layer, 
in order to improve the luminous efficiency and a luminous 
intensity. 

However the luminous intensity of the conventional 
LED device is not enough for use as a light source of a 
25 illumination lamp and/or a outside display exposed to direct 
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sunshine. It has been long felt needed that the light 
emitting device having an active layer of quantiam well 
structure will be improved in its luminous intensity, but 
such a LED device with higher luminous intensity has not yet 
5 been available. 

Also, the device made of nitride semiconductor has 
a layer structure, which may be inherently be weak against 
^ the electrostatic voltage. Thus, the device of nitride 

H semiconductor may be easily damaged even by the electrostatic 

2 10 voltage of lOOV which is much lower than that people can feel. 

□ There are substantial risks of damaged device characteristics 
in handling the device, for example, taking it out of an 

jj • antistatic bag, and assembling it to a product . Therefore, 

5 the electrostatic withstanding voltage of the device has been 

□ 15 desirably improved reducing the aforementioned risks, thereby 

enhancing the reliability of the nitride semiconductor device. 



Summary of the Invention 

The first object of the present invention is to 

2 0 provide a First nitride semiconductor light emitting device 
with an active layer of the multiple quantum well structure, 
in which the device has an improved luminous intensity and a 
good electrostatic withstanding voltage, thereby allowing the 
expanded application to various products. 

25 The second object of the invention is to provide a 
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nitride semiconductor light emitting device having an 
improved electrostatic withstanding voltage. 

The First nitride semiconductor device of the 
present invention as will be described below can achieve the 
first object* 

The First nitride semiconductor device of the 
present invention, comprising: 

a) a substrate; 

b) an active layer of a multiple quantum well 
structure containing In^Gai.^N (0 < a < 1) ; 

c) an n-region nitride semiconductor layer 
structure interposed between the substrate and the active 
layer; 

d) a p-type multi-film layer formed on the active 
layer, the p-type multi-film layer including, 

a first nitride semiconductor film containing Al, 
a second nitride semiconductor film having a 
composition different from that of the first nitride 
semiconductor film, at least one of the first and second 
nitride semiconductor films having a p-type impurity; 

e) a p-type low-doped layer formed on the p-type 
multi-film layer, having a concentration of the p-type 
impurity lower than that of the p-type multi-film layer; and 

f) a p-contact layer formed on the p-type low-doped 
layer, having a concentration of the p-type impurity higher 



than that of the p-type multi-film layer. 

According to the First nitride semiconductor device 
of the present invention, the p-type low-doped layer is made 
of AlgGai^^N (0 < s < 0,5), and the p-type low-doped layer has 
5 a composition ratio of Al less than that of the p-type multi- 
film layer. 

According to the First nitride semiconductor device 
of the present invention, the p-type low-doped layer is 
formed of a multi-film layered structure with layers made of 
10 AlgGai^sN (0 < s < 0,5), and an average composition ratio of 
Al of the p-type low-doped layer is less than that of the p- 
type multi-film layer. 

According to the First nitride semiconductor device 
of the present invention, the impurity contained within the 
15 p-type multi-film layer and the p-contact layer is diffused 
into the p-type low-doped layer. 

According to the First nitride semiconductor device 
of the present invention, the concentration of the p-type 
impurity of the multi-film layer falls within the range of 5 
20 X lO^Vcm' through 1 x lO'Vcm'. 

According to the First nitride semiconductor device 
of the present invention, the concentration of the p-type 
impurity of the low-doped layer is less than 1 x 10^^/cm^. 

According to the First nitride semiconductor device 
25 of the present invention, wherein the concentration of the p- 
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type impurity of the p-contact layer falls within the range 
of 1 X lO^Vcm' through 5 x 10^Vcm\ 

According to the First nitride semiconductor device 
of the present invention, wherein the n-region nitride 
semiconductor layer structure includes an n-region multi-film 
layer having a lower-film made of undoped nitride 
semiconductor, a middle-film doped with an n-type impurity, 
and an upper-film made of undoped nitride semiconductor. 

According to the First nitride semiconductor device 
of the present invention, the n-region nitride semiconductor 
layer structure further includes an undoped GaN layer and an 
n-contact layer containing an n-type impurity, successively 
formed on the substrate • 

According to the First nitride semiconductor device 
of the present invention, the n-type first multi-film layer 
is formed on the n-contact layer, and the total thickness of 
the undoped GaN layer, the n-contact layer, and the n-type 
first multi-film layer falls within the range of 2 through 
20|am, 

According to an another First nitride semiconductor 
device of the present invention, comprising: 

a) a substrate; 

b) an active layer of a multiple quantum well 
structure containing In^Ga^.^N (0 < a < 1) ; 

c) an n-region nitride semiconductor layer 



structure interposed between the substrate and the active 
layer; 

d) a p-type single-layered layer formed on the 
active layer, made of Alj^Ga^.j^N (0 < b ^ 1) containing a p- 
type impurity; 

e) a p-type low-doped layer formed on the p-type 
single-layered layer, having a concentration of the p-type 
impurity lower than that of the p-type single-layered layer; 
and 

f) a p-contact layer formed on the p-type low-doped 
layer, having a concentration of the p-type impurity higher 
than that of the p-type single-layered layer. 

According to the First nitride semiconductor device 
of the present invention, the p-type low-doped layer is made 
of AlgGai.sN (0 < s < 0.5), and the p-type low-doped layer has 
a composition ratio of Al less than that of the p-type 
single-layered layer. 

According to the First nitride semiconductor device 
of the present invention, the p-type low-doped layer is made 
of Al^Ga^.^N (0 < s < 0,5), and an average composition ratio 
of Al of the p-type low-doped layer is less than that of the 
p-type single-layered layer. 

According to the First nitride semiconductor device 
of the present invention, the impurity contained within the 
p-type single-layered layer and the p-contact layer is 
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diffused into the p-type low-doped layer. 

According to the First nitride semiconductor device 
of the present invention, the concentration of the p-type 
impurity of the single-layered layer falls within the range 
5 of 5 X lO'Vcm' through 1 x lO'Vcra'. 

According to the First nitride semiconductor device 
of the present invention, the concentration of the p-type 
impurity of the low-doped layer is less than 1 x 10^^/cm\ 

According to the First nitride semiconductor device 
10 of the present invention, the concentration of the p-type 
impurity of the p-contact layer falls within the range of 1 x 
lO'Vcm' through 5 x lO'Vcm'. 

According to the First nitride semiconductor device 
of the present invention, the n-region nitride semiconductor 
15 layer structure includes an n-region multi-film layer having 
a lower-film made of undoped nitride semiconductor, a middle- 
film doped with an n-type impurity, and an upper-film made of 
undoped nitride semiconductor. 

According to the First nitride semiconductor device 
20 of the present invention, the n-region nitride semiconductor 
layer structure further includes an undoped GaN layer and an 
n-contact layer containing an n-type impurity, successively 
formed on the substrate . 

According to the First nitride semiconductor device 
25 of the present invention, the n-type first multi-film layer 
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is formed on the n-contact layer, and the total thickness of 
the undoped GaN layer, the n-contact layer, and the n-type 
first multi-film layer falls within the range of 2 through 
20vLm. 

5 Therefore, the First nitride semiconductor device 

according to the present invention comprises a p-type layer 
(p-type multi-film layer or p-type single-layered layer) , a 
low-doped layer, and a p-contact layer, which are 
successively deposited on the active layer (in the p-region 

10 of the device) , Each of the p-type layer, the low-doped 
layer, and the p-contact layer is adjusted to have the p-type 
impurity concentration comparatively medium-doped, low-doped, 
and high-doped, respectively • The resultant distribution of 
the p-type impurity concentration results in improving the 

15 luminous intensity and the electrostatic withstanding voltage. 

Although the p-type layer, in general, functions as 
a cladding layer, it is not specifically limited thereto, it 
would fall within the scope of the present invention even in 
case where the p-type layer does not function as a cladding 

20 layer. 

Further, the p-type low-doped layer is made of 
Al3Gai_3N (0 < s < 0.5) and has the composition ratio of Al 
less than that of the p-type layer (the average composition 
ratio of Al where the p-type layer is multi-film layer) , so 
25 that the low-doped layer can be thinned maintaining the 
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luminous intensity and the electrostatic withstanding voltage 
favorable. Thus, the manufacturing step for the low-dope 
layer can be shortened. 

According to the First nitride semiconductor device 
of the present invention, the p-type low-doped layer may be 
formed of the multi-film layer including layers made of 
Al^Gai^gN (0 < s < 0.5), in which the average Al composition 
ratio of the p-type low-doped layer is set less than that of 
the p-type multi-film cladding layer. 

The p-type low-doped layer contains the p-type 
impurity not only because the impurity is taken from the 
source of the impurity gas flow into the p-type low-doped 
layer during manufacturing, but also because the impurity 
within the p-cladding layer adjacent thereto is diffused into 
the p-type low-doped layer during manufacturing. Therefore, 
the p-type impurity concentration of the p-cladding layer can 
be readily adjusted by adjusting the p-type impurity 
concentration of the p-type low-doped layer. 

As described above, the p-cladding layer (p-type 
multi-film layer or p-type single-layered layer) , the low- 
doped layer, and the p-contact are adjusted to have the p- 
type impurity concentration comparatively medium-doped, low- 
doped, and high-doped, respectively, and in addition to that, 
preferably, they fall within the range of 5 x lO^Vcm^ through 
1 X lO'Vcm', less than 1 x 10^Vcm% and 1 x lO^Vcm^ through 5 



X lO^Vcm^ respectively. Thus, the First nitride 

semiconductor device of the present invention is provided, of 
which luminous intensity and electrostatic withstanding 
voltage are improved. 

The First nitride semiconductor device according to 
the present invention preferably comprises the n-region 
nitride semiconductor layer structure including an n-region 
multi-^ilm layer having a lower-film made of undoped nitride 
semiconductor, a middle-film doped with an n-type impurity^ 
and an upper-film made of undoped nitride semiconductor, thus 
resulting in improving the electrostatic withstanding voltage. 

Further, the First nitride semiconductor device 
according to the present invention preferably comprises an n- 
contact layer and an undoped layer, which are grown on the 
substrate and beneath the first n-region multi film layer, 
thereby reducing the electrostatic withstanding voltage. 

According to the First nitride semiconductor device 
of the present invention, in order to further reduce the 
electrostatic withstanding voltage, the total thickness of 
the undoped GaN layer, the n-contact layer, and the first n- 
region multi-film layer is set to fall within the range of 2 
through 20)jim, preferably 3 through 10pm, more preferably 4 
through 9|jm. 

It is noted that the terminology of "undope layer" 
means the layer, in which the impurity is not intentionally 



doped. Even if the layer contains the impurity due to the 
diffusion from the adjacent layers, or due to the 
contamination from the material and the manufacturing 
equipment, the layer is still referred to as the undoped 
layer. If the layer diffused with the impurity from the 
adjacent layers may often have the gradient impurity 
distribution in the direction of the thickness. 

Also, it is noted that layers having different 
composition mean, for example, layers which are made of 
different elements (such as * elements of the binary and 
ternary compounds), layers which have different composition 
ratios, and layers which have different bandgaps each other. 
In case where the layer is formed of the multi-film layer, 
the composition ratios and bandgaps are averaged. 

Further, various measurement methods can be adapted 
for measuring the impurity concentration, for example, the 
Secondary Ion Mass Spectrometry can be used. 

The Second nitride semiconductor device of the 
present invention as will be described below can achieve the 
second object. 

According to the Second nitride semiconductor 
device of the present invention, comprising: 

a) a substrate; 

b) an n-region nitride semiconductor layer 
structure formed on the substrate; 



c) an active layer of a multiple quantum well 
structure formed on the n-region nitride semiconductor layer 
structure; 

d) a first p-type layer formed on the active layer, 
being made of p-type nitride semiconductor; 

e) a p-contact layer; 

f) a p-type low-doped layer interposed between the 
active layer and the p-contact layer, wherein the p-type low- 
doped layer has the p-type impurity concentration that is 
minimized to less than 1 x lO^Vcm^ and gradually increases 
towards the p-contact layer and the first p-type layer* 

Since the Second nitride semiconductor device of 
the present invention includes the low-doped layer interposed 
between the p-contact layer and the first p-type layer, the 
electrostatic withstanding voltage can be improved. 

According to the Second nitride semiconductor 
device of the present invention, the p-type low-doped layer 
is made of undoped nitride semiconductor, and the impurity 
contained within the p-contact layer and the first p-type 
layer is diffused into the p-type low-doped layer. 

According to the Second nitride semiconductor 
device of the present invention, the p-type low-doped layer 
has the thickness adjusted so that the minimum of the p-type 
impurity concentration is less than 1 x lO^Vcm^, 

According to the Second nitride semiconductor 



device of the present invention, the active layer is made of 
the multiple quantum well structure including at least one 
layer made of In^Ga^.^N (0 < a < 1) . 

Thus, the luminous intensity as well as the 
electrostatic withstanding voltage can be improved resulting 
in the expanded application of the nitride semiconductor 
device with the active layer of the multiple quantum well 
structure for various products. 

According to the Second nitride semiconductor 
device of the present invention, the p-type low-doped layer 
are formed of a multi-film layer by alternately laminating 
two kinds of films, which have compositions different from 
each other. 

According to the Second nitride semiconductor 
device of the present invention, the first p-type layer 
contains Al . 

According to the Second nitride semiconductor 
device of the present invention, the first p-type layer is 
formed of p-type multi-film layer by laminating a first 
nitride semiconductor film containing Al and a second nitride 
semiconductor film having a composition different from that 
of the first nitride semiconductor film, and at least one of 
the first and second nitride semiconductor film contains the 
P"type impurity therein. 

According to the Second nitride semiconductor 



device of the present invention, the p-type low-doped layer 
is made of GaN. 

According to the Second nitride semiconductor 
device of the present invention, the p-type low-doped layer 
5 is made of AlgGa^.sN (0 < s < 0.5), and the p-type low-doped 
layer has a composition ratio of Al less than that of the p- 
type multi-film layer. 
P According to the Second nitride semiconductor 

device of the present invention, the p-type low-doped layer 
:t 10 is formed of a multi-film layered structure with layers made 
17=5' of Al^Gai^sN (0 < s < 0.5), and an average composition ratio 

11=, of Al of the p-type low-doped layer is less than that of the 

JJt p-type multi-film layer. 

According to the Second nitride semiconductor 
~ 15 device of the present invention, the p-type low-doped layer 
is formed by alternately laminating layers made of AlgGa^.gN 
(0 < s < 0.5) and layers made of GaN. 

According to the Second nitride semiconductor 
device of the present invention, the n-region nitride 
20 semiconductor layer structure includes an n~region multi-film 
layer having a lower-film made of undoped nitride 
semiconductor, a middle-film doped with an n-type impurity, 
and an upper-film made of undoped nitride semiconductor. 

According to the Second nitride semiconductor 
25 device of the present invention, the n-region nitride 
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semiconductor layer structure further includes an n-contact 
layer containing an n-type impurity, and an undoped GaN layer 
interposed between the substrate and the n-contact layer. 

According to the Second nitride semiconductor 
device of the present invention, the n-type first multi-film 
layer is formed on the n-contact layer, and the total 
thickness of the undoped GaN layer, the n-contact layer, and 
the n-type first multi-film layer falls within the range of 2 
through 20vim. 



Brief Description of the Drawings 

The present invention become more fully understood 

from the detailed description given hereinafter and 

accompanying drawings which are given by way of illustration 
15 only, and thus are not limitative of the present invention 

and is characterized in that. 

Fig, 1 is a schematic sectional view of an LED 

device according to an embodiment of the present invention 

showing its layer structure; 
20 Fig. 2 is a schematic graph of a distribution of a 

p-type impurity concentration within a low-doped layer of the 

present invention, a medium-doped p-cladding layer, and a 

high doped p-contact layer; and 

Fig. 3 is a graph of an average electrostatic 
25 withstanding voltage against the impurity concentration of 
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the low-doped layer (average voltage for 100 samples) . 



Detailed Description of the Preferred Embodiments 
(Embodiment 1) 

Fig. 1 is a schematic sectional view of an LED 
device according to an embodiment of the present invention. 

The nitride semiconductor device according to 
Embodiment 1 of the present invention relates to the First 
nitride semiconductor device of the present invention, and 
the structure of the First nitride semiconductor device is 
not limited to the embodiments as described hereinafter. 
Rather, the present invention can be applied to any nitride 
semiconductor devices which comprises, at least, a medium- 
doped p-cladding layer (formed of a p-type multi-film layer 
or a p-type single-layered layer), a p-type low-doped layer 
doped with a low p-type impurity concentration, and a high- 
doped p-contact layer doped with a high p-type impurity 
concentration, in which those layers are successively grown 
on the active layer. 

As shown in Fig. 1, the nitride semiconductor 
device of Embodiment 1 comprises a substrate 1, a buffer 
layer 2, undoped GaN layer 3, an n-contact layer 4 doped with 
n-type impurity, a first n-region multi-film layer 5 which 
has an undoped lower-film 5a, middle-film 5b doped with n- 
type impurity, and an undoped upper-film 5c, a second multi- 



film layer 6 having a third and a fourth nitride 
semiconductor film, an active layer 7 of the multiple quantum 
well structure, a p-cladding layer 8 made of a p-type multi- 
film layer or a p-type single-layered layer, a low-doped p- 
5 type layer 9 doped with a low concentration of p-type 
impurity, and a high doped p-contact layer 10 doped with a 
high concentration of p-type impurity, in which those layers 
are formed in this order the substrate. 

The nitride semiconductor device further comprises 
"% 10 an n-electrode 12 formed on the n-contact layer 4, and p- 
^ electrode 11 deposited on the p~contact layer 10. 

I" Details of each layer of the nitride semiconductor 

Ij device according to Embodiment 1 will be described 

,p hereinafter, 

p 15 According to the present invention, the substrate 1 

may be made of insulative material such as sapphire having 
its principal surface represented by a C-, R- or A-face or 
spinel {MgAl204) , or semiconductor material of SiC (including 
6H, 4H or 3C) , Si, ZnO, GaAs, GaN, or the like. 
20 Also, the buffer layer 2 may be made of the nitride 

semiconductor expressed in a formula of Ga^Al^.^N (where 0 < d 
^ 1) . However, since the buffer layer has better 

crystallinity as the composition ratio of Al is less, the 
buffer layer 2 preferably has small composition ratio of Al, 
25 and more preferably is made of GaN. 
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The buffer layer 2 may have a thickness adjusted to 
fall within the range of 0.002 through CSiim, preferably 
within the range of 0.005 through 0.2 ijm, and more preferably 
within the range of 0.01 through 0.02 ijm, so that the nitride 
semiconductor of the buffer layer 2 has good crystalline 
morphology, thereby improving the crystallinity of the 
nitride semiconductor layers to be grown on the buffer layer 
2. 

The growth temperature of the buffer layer 2 is 
adjusted to fall within the range of 200 through 900 and 
preferably within the range of 400 through 800°C, so that the 
resultant buffer layer 2 exhibits an excellent 
polycrystallinity. The buffer layer 2, in turn, act as a 
seed crystal to improve the crystallinity of the nitride 
semiconductor layers to be grown on the buffer layer 2. 

The buffer layer 2 which is grown at a relatively 
low temperature may not be essential and may therefore be 
eliminated depending on the type of material for the 
substrate 1 and/or the growing method employed. 

Next, the undoped GaN layer 3 is formed on the 
buffer layer 2 by depositing GaN on the buffer layer 2 and 
doping no n-type impurity into the GaN layer. The undoped 
GaN layer 3 grown on the buffer layer 2 can be formed with a 
good crystallinity, which in turn, allows the n-contact layer 
4 subsequently deposited on the undoped GaN layer 3 to have a 



good crystallinity. The undoped GaN layer 3 has a thickness 
not thinner than O.Olijm, preferably not thinner than 0,5pm, 
and more preferably not thinner than lijm. If the undoped GaN 
layer 3 has a thickness as specified above, the other layers 
5 to be successively grown over the undoped GaN layer 3 have 
good crystallinity- Although the upper limit of thickness of 
the undoped GaN layer 3 may not be essential for the 
invention and therefore not specified, it should be properly 
adjusted in consideration of the manufacturing efficiency* 

10 Also, the uppermost thickness of the undoped GaN layer 3 may 
be preferably adjusted so that the total thickness of the 
undoped GaN layer 3, the n-contact layer 4, and the first n- 
region multi-film layer 5 falls within the range of 3 through 
20um (preferably within the range of 3 through lOpm, more 

15 preferably within the range of 4 through 9ijm) in order to 
improve the characteristics of the electrostatic withstanding 
voltage. 

According to the present invention, the n-contact 
layer 4 doped with n-type impurity contains the n-type 

20 impurity in the concentration of not less than 3 x lO^Vcm^, 
and preferably not less than 5 x lO^Vcm', The use of the 
relatively high concentration of the n-type impurity in the 
n-contact layer 4 is effective to lower the Vf (forward 
voltage) and threshold current. On the other hand, if the 

25 concentration of the n-type impurity departs from the range 
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specified above, the Vf will hardly lower. Since the n- 
contact layer 4 is formed on the undoped GaN layer 3 having 
low concentration of n-type impurity and a good crystallinity, 
the n-contact layer has a good crystallinity even though it 
contains the relatively high concentration of the n-type 
impurity. Although the present invention does not 

specifically require the uppermost concentration limit of the 
n-type impurity concentration within the n-contact layer 4, 
the uppermost limit is preferably not greater than 5 x 
lO^Vcm^ which allows the contact layer 4 capable of 
functioning as a contact layer. 

The n-contact layer 4 may be formed of material 
expressed as the general formula of In^AlfGai_e_fN (where 0 < e, 
0 < f, and e-i-f < 1) . However, the use of GaN or AlfGa^^.fN 
where suffix f is not greater than 0.2 is advantageous in 
that the nitride semiconductor layer having a minimized 
crystal defect can easily be obtained. The n-contact layer 4 
may, although not limited thereto, have a thickness within 
the range of 0,1 through 20iim, preferably within the range of 
1.0 through lOjim, so that the n-contact layer 4 on which the 
n-electrode 12 is formed can be formed with a low resistivity 
thereby to reduce the Vf. 

Also, the uppermost thickness of the n-contact 
layer 4 can be preferably adjusted so that the total 
thickness of the undoped GaN layer 3, the n-contact layer 4, 



and the first n-region multi-film layer 5 falls within the 
range of 3 through 20]jm (preferably within the range of 3 
through 20ijm^ more preferably within the range of 4 through 
9]jm) , which allows the electrostatic withstanding voltage to 
5 be improved. 

And the n-contact layer 4 can be omitted by forming 
the first n-region multi-film layer 5 relatively thick. 
Next, according to Embodiment 1, the first n-region multi- 
film layer 5 includes three films of an undoped lower-film 5a, 

10 a middle-film 5b doped with n-type impurity and an undoped 
upper-film 5c. It is noted that any other films may be 
included in the first multi-film layer 5 according to the 
present invention. Also, the first n-region multi-film layer 
5 may contact with the active layer, alternatively, an 

15 another layer may be interposed between the active layer and 
the first n-region multi-film layer. In case where the first 
n-region multi-film layer is formed in the n-region as 
Embodiment 1, the device characteristics such as the luminous 
intensity and the electrostatic withstanding voltage can be 

20 improved. Therefore, it is understood that the first n- 
region multi-film layer 5 substantially contributes the 
improved electrostatic withstanding voltage. 

The nitride semiconductor including the lower-film 
5a through the upper-film 5c can be formed of various 

25 composition of the nitride semiconductor expressed in a 
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formula of IrigAl^Gai.g.hN (0<g<l, 0<h<l), and 
preferably, it is made of the composition of GaN. Also the 
composition of each film of the first n-region multi-f ilm 
layer 5 may be same or different. 

Although the thickness of the first n-region multi- 
film layer 5 may fall within the range of 175 through 12000 
angstroms, preferably within the range of 1000 through 10000 
angstroms, more preferably in the range of 2 000 through 6000 
angstroms . 

Also, the thickness of the first n-region multi- 
film layer 5 is preferably adjusted with the aforementioned 
range, and in addition to that, the total thickness of the 
undoped GaN layer 3, the n-contact layer 4, and the first n- 
region multi-film layer 5 falls within the range of 3 through 
20iam (preferably within the range of 3 through 10]am, more 
preferably within the range of 4 through 9ijm) , which allows 
the electrostatic withstanding voltage to be improved. 

The total thickness of the first n-region multi- 
film layer 5 may be adjusted to fall within the above- 
mentioned range by adjusting each thickness of the lower-film 
5a, the middle-film 5b, and the upper-film 5c. 

Although each thickness of the lower-film 5a, the 
middle-film 5b, and the upper-film 5c, which composes the 
first n-region multi-film layer 5, are not specifically 
limited thereto according to the present invention, each 



thickness of the films of the first n-region multi-film layer 
5 has slightly different impact to the device characteristics. 
Therefore, in order to optimize the device characteristics, 
in consideration of the device characteristics most 
influenced by each thickness of the three films, the 
preferable ranges for each film thickness can be determined 
by fixing two films and gradually varying the thickness of 
the other film. 

Even though each film alone of the first n-region 
multi-film layer 5 may not influence the electrostatic 
withstanding voltage, the combination of the films of the 
first n-region multi-film layer 5 may improve the various 
device characteristics as a whole. In particular, the first 
n-region multi-film layer 5 combined with such films can 
greatly improve the luminous intensity and the electrostatic 
withstanding voltage of the device. Such effect can be 
approved after the device including the first n-region multi- 
film layer 5 is actually produced. Showing some particular 
thickness of each film, the tendency of change of the device 
characteristics influenced by the various thickness of each 
film will be described hereinafter. 

The thickness of the lower-film 5a falls within the 
range of 100 through 10000 angstroms, preferably within the 
range of 500 through 8000 angstroms, and more preferably 
within the range of 1000 through 5000 angstroms. As the 



lower-filiu 5a gradually becomes thicker, the electrostatic 
withstanding voltage becomes higher, while the Vf increases 
rapidly around at 10000 angstroms. On the other hand, as the 
lower-film 5a becomes thinner, the Vf decreases while the 
5 electrostatic withstanding voltage decreases so that the 
productivity tends to be reduced at the thickness less than 
100 angstroms due to the lower electrostatic withstanding 
voltage. Since the lower-film 5a is provided to improve the 
crystallinity which are deteriorated by the contact layer 4 

10 doped with n-type impurity, the lower-film 5a is preferably 
grown with a thickness of 500 through 8000 angstroms in order 
to efficiently improve the crystallinity of the layers to be 
formed subsequently on the lower-film. 

The thickness of the middle-film 5b doped with n- 

15 type impurity falls within the range of 50 through 1000 
angstroms, preferably within the range of 100 through 500 
angstroms, and more preferably within the range of 150 
through 400 angstroms. The middle-film 5b doped with n-type 
impurity has a carrier concentration sufficiently high to 

20 intensify the luminous intensity. The light emitting device 
without the middle-film 5b has luminous intensity less than 
that having this film. Contrary to this, where the thickness 
of the middle-film 5b is over than 1000 angstroms, the 
luminous intensity is reduced. Meanwhile, the electrostatic 

25 withstanding voltage is improved as the middle-film 5b is 
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thicker, but it is reduced as the thickness is less than 50 
angstroms in comparison with that where the thickness is over 
50 angstroms. 

The thickness of the undoped upper-film 5c falls 
within the range of 25 through 1000 angstroms, preferably 
within the range of 25 through 500 angstroms, and more 
preferably within the range of 25 through 150 angstroms. The 
undoped upper-film 5c among the first n-region multi-film 
layer is formed in contact with, or most adjacent to the 
active layer 6 preventing the current from leaking. Where 
the thickness of the upper-film 5c is less than 25 angstroms, 
it can not efficiently prevent the current from leaking. And 
where the thickness of the upper-film 5c is over 1000 
angstroms, then the Vf is increased and the electrostatic 
withstanding voltage is reduced. 

As described above, considering the device 
characteristics particularly influenced by either one of the 
lower-film 5a through the upper-film 5c, the thickness of 
each film, which are combined to form the first n-region 
multi-film layer 5, is adjusted so that every device 
characteristics is equally optimized, in particular, the 
luminous intensity and the electrostatic withstanding voltage 
are optimized. Also, the thickness of each of the lower-film 
5a, the middle- film 5b, and the upper- film 5c is adjusted to 
fall within the aforementioned range, and the aforementioned 



three p-type layers with different p-type impurity 
concentration according to the present invention are 
appropriately combined with the first n-region multi-film 
layer 5 so that the luminous intensity, the product 
reliability, as well as the electrostatic withstanding 
voltage of the device products can be improved. 

In other words, each thickness of the films of the 
first n-region multi-film layer 5 are determined so that the 
device characteristics is optimized in consideration of the 
relation between the p-type three layers of the present 
invention and the first n-region multi-film layer 5, the 
composition of the active layer varying corresponding to the 
wavelength, the condition required by the device 
specification such as dimensions and configurations depending 
on the LED device and the like. 

Each film of the first multi-film layer 5 is made 
of composition, which may be expressed in the formula of 
IngAlj^Gai.g.hN (0 < g < 1, 0 < h < 1) and may be same or 
different from those of the other films. However, according 
to the present invention, the films of the first multi-film 
layer 5 have the composition ratios of In and Al are small, 
and preferably are made of Al^Ga^.^N in order to improve the 
crystallinity thereof and reduce the Vf, and more preferably 
of GaN. Where the first n-region multi-film layer 5 is made 
of AlhGai.^N, the composition ratio of Al can be adjusted to 



fall within the range of 0 < h < 1, as mentioned above, as 
the composition ratio of Al is smaller, then the 
crystallinity can be improved and the Vf is reduced. 

The middle-film 5b has the n-impurity concentration 
not less than 3 x 10^Vcm% and preferably not less than 5 x 
lO^Vcm^. The upper limit of the n-impurity concentration 
thereof is preferably not greater than 5 x lO^Vcm^, where the 
middle-film 5b has the n-impurity concentration within the 
range, the films can be grown with a comparatively good 
crystallinity, thereby reducing the Vf while maintaining the 
high luminous intensity. 

An n-type impurity element may be selected from IVB 
or VIB Groups in the periodic table such as Si, Ge, Se, S, 
and O, preferably Si, Ge, or S is used for the n-type 
impurity. 

In case where the active layer 6 is formed on the 
first n-region multi-film layer 5, the upper-film 5c of the 
first n-region multi-film layer 5 which is formed in contact 
with the active layer 6 may act as a barrier layer by forming 
the upper-film 5c of GaN. 

In other words, the lower-film 5a and upper-film 5c 
among the first n-region multi-film layer 5, which actually 
contact with an another layer may be formed as a part having 
an another function in connection with the other layer. 

Also, according to the present invention, an 



undoped single-layered layer may be used instead of the first 
n-region multi-film layer 5, Although the single-layered 
layer may be made of nitride semiconductor as expressed in a 
general formula of IngAl^Gai.g.hN (0 < g < 1, 0 < h < 1), the 
composition ratios of In and Al contained in the undoped 
single-layered layer are small, and preferably it is made of 
AlhGa^^.hN, and more preferably of GaN, Where the undoped 
single-layered layer 5 is made of Al^Ga^.^N, the composition 
ratio of Al can be adjusted to fall within the range of 0 < h 
< 1. Preferably the composition ratio of the Al should be 
small, since the crystallinity can be improved and the Vf is 
reduced as the composition ratio of Al is smaller. In case 
where the undoped singled-layered layer is grown, the 
electrostatic withstanding voltage is not as good as that in 
case where the first n-region multi-film layer 5 is grown, 
but is better than that of the conventional devices • Other 
device characteristics are almost as good as those in case 
where the first n-region multi-film layer 5 is grown. 

Although the thickness of the single-layered layer 
is not specifically limited, preferably falls within the 
range of 1000 through 3000 angstroms. 

Next, according to the present invention, a second 
n-region multi-film layer 6 is composed of a third nitride 
semiconductor film and a fourth nitride semiconductor film 
having different composition from that of the third nitride 



semiconductor film. At least one of each of the third and 
fourth nitride semiconductor films is laminated alternatively 
(at least two films in total) . Preferably three films and 
more preferably at least two films (at least four films) in 
5 total are laminated alternately. 

At least one of the third and the fourth films of 
the second n-region multi-film layer 6 is set to have a 
thickness of 100 angstroms or less, preferably 7 0 angstroms 
or less;^ more preferably 50 angstroms or less. Further more 
% 10 preferably, both of the third and the fourth film of the 
]^ second n-region multi-film layer 6 are set to have thickness 

iT^ of 100 angstroms or less, preferably 70 angstroms or less, 

iTj more preferably 50 angstroms or less. The second n-region 

[e, multi-film layer 6 is formed with such thin films to be of a 

Q 15 superlattice structure so that the crystallinity of the 
second n-region multi-film layer 6 is enhanced thereby 
improving the luminous intensity. 

At least one of the third and fourth films has 
thickness of 100 angstroms or less, which is thinner than the 
20 critical elastic thickness so that the crystallinity is 
improved. Where the crystallinity of such thin film is 
improved, then the another film formed on the thin film can 
be also formed with the improved crystiallinity, so that the 
second n-region multi-film layer as a whole has a good 
25 crystallinity thereby improving the luminous intensity. 
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Also, both of the third and fourth films have 
thickness of 100 angstroms or less, which are thinner than 
the critical elastic thickness so that the crystallinity of 
the nitride semiconductor films are more improved in 
comparison with the case where it is formed of a single- 
layered layer or where either one of the third and fourth 
film has the critical elastic thickness • Where the thickness 
of both of the third and fourth nitride semiconductor films 
are 70 angstroms or less, the second n-region multi-film 
layer 6 is formed of superlattice structure, so that much 
more improved crystallinity can be achieved. The active 
layer 7 formed on the second n-region multi-film layer 6 can 
be formed with a greatly improved crystallinity as the second 
n-region multi-film layer 6 acts as a buffer layer. 

As described above, the three layers having 
different p-type impurity concentration according to the 
present invention are combined with the first and second n- 
region multi-film layer so that the light emitting device can 
be obtained with very high luminous intensity and low Vf. 
The reason is not clearly explained but presumably, the 
crystallinity of the active layer formed on the second n- 
region multi-film layer is improved. 

Adjacent two of the third nitride semiconductor 
films sandwiching the fourth nitride semiconductor film among 
the second n-region multi-film layer 6 have thickness that 



are same or different each other ♦ 

Adjacent two of the fourth nitride semiconductor 
films sandwiching the third nitride semiconductor film among 
the second n-region multi-film layer 6 have thickness that 
5 are same or different each other. 

In particular,^ where the third and fourth nitride 
semiconductor film are made of the InGaN and GaN, 
respectively, the thickness of each of the third nitride 
semiconductor films of InGaN can be thicker or thinner as the 

10 third nitride semiconductor film is closer to the active 
layer, so that the refractive index of the second n-region 
multi-film layer can be substantially and gradually varied. 
Therefore, the resultant nitride semiconductor layer achieves 
the same effect as it has the substantially gradient 

15 composition. In such formed device that requires beam 
waveguides like a laser device, the beam waveguides are 
formed with the multi-film layer so that the mode of the 
laser beam can be adjusted. 

Also, adjacent two of the third nitride 

20 semiconductor films sandwiching the fourth nitride 
semiconductor film of the second n-region multi-film layer 6 
have a composition that are same or different each other. 

In addition, adjacent two of the fourth nitride 
semiconductor films sandwiching the third nitride 

25 semiconductor film of the second n-region multi-film layer 6 
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have a composition ratio of the III group element that are 
same or different each other • 

In particular, where the third and fourth nitride 
semiconductor film are made of the InGaN and GaN, 
respectively^ the In composition ratio of each of the third 
nitride semiconductor films of InGaN may be gradually 
increased or decreased as the third nitride semiconductor 
film is closer to the active layer, so that such formed 
second n-region multi-film layer of nitride semiconductor has 
substantially gradient composition and the refractive index 
thereof can be varied. It is noted that as the In 
composition ratio is decreased, the refractive index is 
reduced • 

The second n-region multi-film layer 6 may be 
formed spaced away from the active layer, preferably in 
contact with the active layer. The second n-region multi- 
film layer 6 formed in contact with the active layer 
contributes more luminous intensity. 

Where the second n-region multi-film layer 6 is 
formed in contact with the active layer, the first film 
thereof contacting with the firstly laminated layer (well 
layer or barrier layer) of the active layer may be the third 
nitride semiconductor film or the fourth nitride 
semiconductor film, and the laminating order of the third and 
fourth nitride semiconductor films are not specifically 



limited thereto- Although Fig, 1 shows the second n~region 
multi-film layer 6 formed in contact with the active layer 7, 
an another n-type nitride semiconductor layer may be 
interposed between the active layer 7 and the second n-region 
multi-film layer 6. 

The third nitride semiconductor film is made of a 
nitride semiconductor containing In, or preferably a ternary 
compound of In^Gai^j^N (0 < k < 1), is characterized in that 
suffix k is preferably not greater than 0.5 and more 
preferably not greater than 0.2. On the other hand, the 
fourth nitride semiconductor film may be made of any suitable 
nitride semiconductor, which is different from that of the 
third nitride semiconductor film. Although not specifically 
limited thereto, the fourth nitride semiconductor film may be 
made of binary or ternary compound expressed ion the formula 
of In^^Gai^i^N (0 < m < 1, and m < k) , which has bandgap higher 
than that of the third nitride semiconductor film to have an 
excellent crystallinity . Preferably, the fourth nitride 
semiconductor film may be made of GaN to have a good 
crystallinity. Therefore, the third and fourth nitride 
semiconductor films are preferably made of In^Gai.kN (0 < k < 
1) and In^Ga^-mN (0 < m < 1, and m < k) (GaN is more 
preferable) , respectively. More preferably, the third and 
fourth nitride semiconductor films are made of In^Gai^j^N (k < 
0.5) and GaN, respectively. 



Both of, either one of, or none of the third and 
fourth nitride semiconductor films may be doped with n-type 
impurity. In order to improve the crystallinity thereof, the 
films may be preferably modulation-doped, and more preferably, 
5 both of them are undoped. It is noted that where both of the 
third and fourth nitride semiconductor films are doped, the 
impurity concentration thereof may be different from each 
Q other. 

IM Also it is noted that the layer, in which either 

lij 

=P 10 one of the third and fourth nitride semiconductor film is 
O doped with n-type impurity, is referred to as a modulation- 

doped layer, such modulation-doped layer contributes the 
|jf higher luminous intensity. 

J An element selected from IV or VI Group in the 

^ 15 periodic table such as Si, Ge, Sn, and S is used as the n- 
type impurity, preferably Si or Sn is used for the n-type 
impurity. The impurity concentration is adjusted to be not 
greater than 5 x 10^^/cm^ and preferably not greater than 1 x 
10^^/cm^. If the impurity concentration is greater than 5 x 
20 10^^/cm^, the crystallinity of the nitride semiconductor films 
will be deteriorated, thereby reducing the luminous intensity. 
This is also applied for the case where the layer is 
modulation-doped. 

According to the present invention, the active layer 7 
25 of the multiple quantum well structure is formed of nitride 
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semiconductor containing In and Ga, preferably In^Gai.^N 
(where 0 < a < 1) . Further, although the active layer 7 may 
be doped with n-type or p-type impurity, preferably is 
undoped (with no impurity added) , so that a strong band-to- 
5 band light emission can be obtained with the half width of 
the emission wavelength narrowed. The active layer 7 may be 
doped with either n-type impurity or p-type impurity or even 
with both impurity. Where the active layer 7 is doped with 
n-type impurity, the band-to-band light emission strength can 

10 further be increased as compared with the undoped active 
layer 7. On the other hand, the active layer 7 is doped with 
p-type impurity, so that the peak wavelength is shifted 
towards that having energy level less by 0,5 eV and the 
spectrum has the half width widened. The active layer doped 

15 with both of n-type and p-type impurity has the luminous 
intensity greater than that emitted by the active layer doped 
only with the p-type impurity. In particular, where the 
active layer doped with a p-type dopant is formed, the active 
layer preferably has an n-type conductivity as a whole by 

20 doping an n-type dopant such as Si therein. In order to grow 
the active layer with a good crystallinity, the active layer 
is preferably doped with no impurity, that is, non-doped. 

Also, according to Embodiment 1, the device having 
the active layer formed of single quantum well structure has 

25 the electrostatic withstanding voltage as good as that of the 
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multiple quantum well structure, although the former has 
luminous intensity less than that of the later. 

The sequence of lamination of barrier and well 
layers forming the active layer 7 may start with the well 
layer and terminate with the well layer, or start with the 
well layer and terminate with the barrier layer. 
Alternatively, the sequence may start with the barrier layer 
and terminate with the barrier layer or start with the 
barrier layer and terminate with the well layer. The well 
layer has thickness adjusted to be not greater than 100 
angstroms, preferably not greater than 70 angstroms and more 
preferably not greater than 50 angstroms. Although not 
specifically limited, the lowermost limit of thickness of the 
well layer may correspond to thickness of a single atom layer 
and, preferably not smaller than 10 angstroms. If the well 
layer is greater than 100 angstroms, the luminous intensity 
will be difficult to increase. 

On the other hand, the barrier layer has thickness 
adjusted to be not greater than 2,000 angstroms, preferably 
not greater than 500 angstroms and more preferably not 
greater than 300 angstroms. Although not specifically 
limited, the lowermost limit of thickness of the barrier 
layer may correspond to the film thickness of a single atom 
layer and, preferably not smaller than 10 angstroms. If the 
thickness of the barrier layer falls within the above- 



a 

' specified range, the luminous intensity can be increased 

advantageously. In addition, the thickness of the active 
layer 7 in total is not specifically limited to a particular 
value, but the active layer 7 may have a total film thickness 
5 by adjusting the number of the barrier and well layers 
laminated and/or the sequence of lamination thereof in 
consideration of the desired wavelength of the eventually 
p resulting LED device, 

m According to the present invention, the p-cladding 

=p 10 layer 8 is formed as a multi-film layer or a single-layered 
O layer with p-type impurity such that the concentration 

thereof may contain a medium concentration (medium-doped) 
W between those of the p-type low-doped layer 9 and the high- 

^ doped p-contact layer 10. 

S 15 Where the p-cladding layer 8 made of he multi-film 

layer (superlattice structure) will be described hereinafter. 
A p-cladding layer made of a multi-film layer is referred 
hereinafter as a multi-film p-cladding layer. 

Films composing the multi-film p-cladding layer are 

20 a first nitride semiconductor film containing Al and a second 
nitride semiconductor film with different composition from 
that of the first nitride semiconductor film. At least ones 
of first and second nitride semiconductor films include the 
p-type impurity. The case where the first and second nitride 

25 semiconductor film has different composition each other will 
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be rephrased hereinafter as that they have different bandgap 
each other. 

According to the present invention, the multi-film 
p-cladding layer 8 may be formed by alternately laminating 
the first nitride semiconductor film and the second nitride 
semiconductor film with bandgap greater than that of the 
first nitride semiconductor film» At least one of the first 
and second nitride semiconductor films contains p-type 
impurity, and the p-type impurity concentration may be same 
or different. 

The first and second nitride semiconductor films 
have thickness adjusted to be 100 angstroms or less, 
preferably 70 angstroms or less, and more preferably in the 
range of 10 through 40 angstroms. And the thickness of both 
films may be same or different. Each film has the thickness 
within the above-mentioned range so that each thickness is 
thinner than the critical elastic thickness, thereby having a 
good crystallinity in comparison with the thick layer of the 
nitride semiconductor layer. Thus, a p-layer doped with p- 
type impurity having the higher carrier concentration and the 
reduced resistibility can be grown, so that the Vf and 
threshold value can be reduced. The multi-film layer is 
grown by laminating a plurality of the two types (as a pair) 
of films having thickness specified above of films. Either 
ones of the first and second nitride semiconductor films are 



deposited more by one time than the others. In particular, 
the first nitride semiconductor film is firstly and also 
lastly laminated* And the total thickness of the multi-film 
p-cladding layer 8 may be set by adjusting the thickness and 
5 laminating numbers of the first and second nitride 
semiconductor films* Although the total thickness of the 
multi-film p-cladding layer 8 is, not specifically limited 
thereto, 2000 angstroms or less, preferably 1000 angstroms or 
less, and more preferably 500 angstroms or less* The total 

10 thickness of the layer falls within the above-mentioned range, 
so that its luminous intensity can be increased and the Vf 
can be decreased. 

The first nitride semiconductor film is formed of 
nitride semiconductor containing at least Al preferably 

15 expressed in the formula of Al^Gai^^N (where 0 < n < 1) . 
Meanwhile, the second nitride semiconductor film is formed of 
binary or ternary compound nitride semiconductor such as 
AlpGai_pN (where 0 < p < 1 and n > p) or In^Ga^.^N (where 0 < r 
^ 1) . Where the p-cladding layer 8 is grown of the multi- 

20 film layer laminating alternately the first and second 
nitride semiconductor film, the Al composition ratio of the 
p-type multi-film layer will be referred to as an average 
ratio across the layer. Also, where the p-type low-doped 
layer 9 as described hereinafter is formed of Al^Ga^.^N (where 

25 0 < s < 0.5) or is grown with multi-film structure including 



-4 0- 



films of AlgGa^.sN (where 0 < s < 0,5), the Al composition 
ratio of the multi-film p-cladding layer is preferably 
adjusted to be greater than that of the p-type low-doped 
layer 9, so that the luminous intensity and the electrostatic 
5 withstanding voltage can be advantageously improved* 

Further the p-cladding layer 8 is formed of the 
superlattice structure so that the device has the improved 
crystallinity, the reduced resistibility, and the reduced Vf . 

The p-type impurity concentration of the medium- 
10 doped p-cladding layer 8 will be described hereinafter. 

The p-type impurity concentration of the first and 
second nitride semiconductor film may be same or different 
each other. 

Firstly, the case where the p-type impurity 
15 concentration of the first and second nitride semiconductor 
film is different each other will be described hereinafter. 

Where the p-type impurity concentration of the 
first and second nitride semiconductor film is different each 
other, for example, the p-type impurity concentration of the 
2 0 first nitride semiconductor film with bandgap greater than 
that of the second nitride semiconductor film may be adjusted 
greater than that of the second nitride semiconductor film. 

Alternately, the p-type impurity concentration of 
the first nitride semiconductor film with bandgap greater 
25 than that of the second nitride semiconductor film may be 
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adjusted less than that of the second nitride semiconductor 
film. 

As described above, the formation of the first and 
second nitride semiconductor film having different the p-type 
5 impurity concentration can reduce the threshold voltage, the 
Vf, or the like. 

This is because the formation of the first nitride 
semiconductor film with high impurity concentration that 
leads high carrier density and second nitride semiconductor 
10 film with low impurity concentration that leads high carrier 
mobility in the multi-film p-cladding layer 8 may cause a 
great number of carrier from the film with high carrier 
density move in the film with high carrier mobility, so that 
the resistibility of the multi-film layer can be reduced. 
15 Thus, the device has the threshold voltage the Vf reduced as 
mentioned above. 

It is noted that where the first and second nitride 
semiconductor films are formed with p-type impurity 
concentration different from each other, the film having 
20 lower p-type impurity concentration is preferably undoped, so 
that the threshfold voltage, the Vf (the forward voltage), or 
the like can be further reduced. 

Where the first and second nitride semiconductor 
films have p-type impurity concentration different from each 
25 other, the p-type impurity concentration of the first nitride 
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semiconductor film is adjusted such that the average p- 
impurity concentration of the multi-film layer is greater 
than that of the low-doped layer 9 and less than that of the 
p-contact layer 10. In particular, the p-type impurity 
concentration of the first nitride semiconductor film is 
adjusted to fall within the range of 5 x lO^Vcm^ through 1 x 
10^Vcm% preferably 5 x lO'Vcm' through 5 x lO^Vcm'. 

Where the p-type impurity concentration of the 
first nitride semiconductor film is greater than 5 x 10^Vcm% 
the injection efficiency into the active layer 7 is improved 
resulting in the higher luminous intensity and the lower Vf. 
Also, where the p-type impurity concentration of the first 
nitride semiconductor film is less than 1 x lO^Vcm^, the 
crystallinity shows the tendency to be good* 

Where the first and second nitride semiconductor 
films have p-type impurity concentration different from each 
other, the p-type impurity concentration of the second 
nitride semiconductor film is adjusted such that the average 
p- impurity concentration of the multi-f ilm layer is greater 
than that of the low-doped layer 9 and less than that of the 
p-contact layer 10. In particular, although not specifically 
thereto, the second nitride semiconductor film has the p-type 
impurity concentration which is less than one-tenth of the p- 
type impurity concentration of the first nitride 
semiconductor film, or preferably is undoped. Nevertheless, 



the second nitride semiconductor film has the thickness that 
is so thin that some of the p-type impurity within the first 
nitride semiconductor film is diffused into the second 
nitride semiconductor film. In consideration of the mobility 
of the second nitride semiconductor film is preferably not 
greater than 1 x 10^Vcm\ 

Also, this is also applied for the case where the 
p-type impurity concentration of the first nitride 
semiconductor film with bandgap greater than that of the 
second nitride semiconductor film may be adjusted less than 
that of the second nitride semiconductor film. 

Next, in case where both of the first and second 
nitride semiconductor films have the same p-type impurity 
concentration, the p-type impurity concentration will be 
described hereinafter. 

In this case, the p-type impurity concentration of 
the first and second nitride semiconductor films may be 
adjusted to be more than that of the p-type low-doped layer 9 
and less than that of the p-contact layer 10. In particular, 
the range of the p-type impurity concentration of the first 
and second nitride semiconductor films is similar to that of 
the first nitride semiconductor film in case where the first 
and second nitride semiconductor films have different p-type 
impurity concentration. Where the first and second nitride 
semiconductor films have the same p-type impurity 



concentration, then the p-cladding layer 8 has the 
crystallinity less than that in case where they have 
different p-type impurity concentration. However, the p- 
cladding layer 8 can be easily grown with high carrier 
5 density to have the increased luminous intensity, 
advantageously. 

The p-type impurity doped into the aforementioned 
O p-cladding layer is selected from elements of the IIA or IIB 

lil Group, such as Mg, Zn Ca, and Be, preferably is Mg, Ca, or 

;P 10 the like. 

O In case where the aforementioned medium-doped 

JL, multi-film p-cladding layer 8 is formed by alternately 

Jff laminating a plurality of the first and second nitride 

;£ semiconductor films that have different p-type impurity 

15 concentration, ones of the higher doped nitride semiconductor 
films are laminated with p-type impurity concentration, which 
are gradually less (preferably undoped) towards end portions 
of the p-cladding layer 8 along the thickness direction 
thereof, and are higher around the middle of the p-cladding 
20 layer 8. Thus, the resistibility thereof can be 

advantageously reduced. 

Next, the case where the single-layered p-cladding 
layer is made of AlbGa^.^N (0 < b < 1) containing the p-type 
impurity will be described hereinafter. The p-cladding layer 
25 8 formed of a single layer is referred to as a single-layered 



-45- 



p-cladding layer. 

According to the present invention, the single- 
layered p-cladding layer 8 is formed of nitride semiconductor 
of AljjGai^jijN (0 < b ^ 1) as described. And in case where the 
p-type low-doped layer 9 as will be discussed later is formed 
of AlgGai_gN (0 < s < 0.5), the Al composition ratio of the 
single-layered p-cladding layer 8 is adjusted greater than 
that of the p-type low-doped layer 9, so that the higher 
luminous intensity as well as greater electrostatic 
withstanding voltage can be advantageously achieved. Also, 
the single-layered p-cladding layer 8 containing no Al has 
the luminous intensity less than that containing Al, but has 
the electrostatic withstanding voltage as high as that 
containing Al • 

Although not specifically limited thereto, in order 
to improve the luminous intensity and to reduce the Vf, the 
thickness of the single-layered p-cladding layer 8 is 2000 
angstroms or less, preferably 1000 angstroms or less, more 
preferably in the range of 500 through 100 angstroms. 

The p-type impurity concentration of the single- 
layered p-cladding layer 8 is adjusted to fall within the 
range of 5 x 10^^/cm^ through 1 x 10^^/cm^, preferably in the 
range of 5 x lO^Vcm^ through 5 x 10^Vcm% so that the single- 
layered with an improved crystallinity, thereby increasing 
the luminous intensity, advantageously. 



Although the single-layered p-cladding layer 8 has 
crystallinity less than but almost as good as the multi-film 
p-cladding layer, the manufacturing steps of the p-cladding 
layer 8 can be simplified because of the single-layered layer, 
5 Next, according to the present invention, the p- 

type low-doped layer 9 that is doped with low impurity 
concentration can be formed of various nitride semiconductor 
O expressed in the general formula of In^J^l^Ga^.^.^N (0 < r < 1, 

m 0 < s < 1, r + s < 1) , preferably formed of the ternary 

;f; 10 compound nitride semiconductor such as In^Gai__j-N (0 < r < 1) 
j-t or AlgGai^gN (0 < s < 1), more preferably formed of the binary 

:L, nitride compound semiconductor of GaN because of the 

jj! crystallinity* Thus, the p-type low-doped layer 9 is formed 

^5 of GaN to have the crystallinity improved and the 

'"^ 15 electrostatic withstanding voltage increased* Where the p- 
type low-doped layer 9 is made of the ternary nitride 
compound semiconductor as expressed in the formula of AlgGa^. 
3N (0 < s < 1) , the Al composition ratio (or an average Al 
composition ratio where the layer 9 is made of multi-film 
20 layer) of the ternary nitride compound semiconductor is 
adjusted to be less than the average Al composition ratio of 
the aforementioned multi-film p-cladding layer 8 or the 
single-layered p-cladding layer 8, so that the low-deped 
layer 9 of ternary nitride compound semiconductor causes the 
25 forward voltage (Vf) suppressed, and also the luminous 
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intensity and electrostatic withstanding voltage improved as 
good as the that made of GaN* 

Also, in case where the p-type low-doped layer 9 is 
made of nitride semiconductor of Al^Ga^.^N (0 < s < 0.5), and 
5 the Al composition ratio of the p-type low-doped layer 9 is 
less than that of the p-cladding layer 8, the p-type low- 
doped layer 9 can be formed with high luminous intensity and 
the electrostatic withstanding voltage even when the p-type 
low-doped layer 9 is thinner than that in case where being 

10 made of GaN, Therefore, the growth time can be shortened in 
comparison with the GaN p-cladding layer 8. 

According to Embodiment 1 of the invention, the p- 
type low-doped layer 9 can be formed as a multi-film layer by 
alternately laminating a plurality of two types of nitride 

15 semiconductor films. The similar characteristics to that of 
the single-layered layer can be obtained* 

Where the p-type low-doped layer 9 can be formed of 
a multi-film layer, preferably, ones of nitride semiconductor 
films are made of AlgGa^^sN (0 < s < 0.5), and another ones of 

2 0 nitride semiconductor films are made of GaN, so that the 
average of Al composition ratio of the p-type low-doped layer 
9 is adjusted less than that of the p-cladding layer 8. 

In case where the p-type low-doped layer 9 is 
composed of the multi-film layer having nitride semiconductor 

25 films made of Al^Gai.gN (0 < s < 0.5) or having nitride 
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semiconductor films made of AlsGa3._3N (0 < s < 0.5) and 
nitride semiconductor films made of GaN, then the 
crystallinity of the p-type low-doped layer 9 can be improved 
and the electrostatic withstanding voltage can be increased. 
5 Also, where the p-type low-doped layer 9 is formed 

of a multi-film layer, in order to improve the crystallinity 
thereof, each film has the thickness preferably in the range 
of several angstroms through 100 angstroms. 

According to the present invention, the p-type low- 

10 doped layer 9 has a thickness within the range of 100 through 
10000 angstroms, preferably 500 through 8000 angstroms, and 
more preferably 1000 through 4000 angstroms, in order to 
improve the luminous intensity and the electrostatic 
withstanding voltage. 

15 Also, in case where the p-type low-doped layer 9 is 

made of nitride semiconductor of Al3Gai.3N (0 < s < 0.5), and 
the Al composition ratio of the p-type low-doped layer 9 is 
less than that of the p-cladding layer 8, or in case where 
the p-type low-doped layer 9 is made of nitride semiconductor 

20 films of Al3Gai_3N (0 < s < 0.5), and the Al composition ratio 
of the p-type low-doped layer 9 is less than that of the p- 
cladding layer 8, the thickness of the low-doped layer 9 has 
a thickness within the range of 100 through 10000 angstroms, 
preferably 300 through 5000 angstroms, and more preferably 

25 300 through 3000 angstroms. Also, in case where the p-type 
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low-doped layer 9 is made of nitride semiconductor of AlsGai, 
3N (0 < s < 0.5);. and the Al composition ratio of the p-type 
low-doped layer 9 is less than that of the p-cladding layer 8, 
the p-type low-doped layer 9 can be formed with a good 
5 characteristics even when the p-type low-doped layer 9 is 
thinner than that in other cases. 

According to the present invention, as described 
above, the p-type impurity concentration of the low-doped 
layer 9 is adjusted to be less than that of the p-cladding 
10 layer 8 and the p-contact layer 10. 

Like this, the p-type low-doped layer 9 having the 
p-type impurity concentration less than that of the p-contact 
layer 10 and greater than that of the p-cladding layer 8 are 
grown between the p-contact layer 10 and the p-cladding layer 
15 8, so that the luminous intensity as well as the 
electrostatic withstanding voltage can be improved. 

Although the p-type impurity concentration of the 
low-doped layer 9 is not specifically limited thereto if it 
is less than that of the p-cladding layer 8 and the p-contact 
20 layer 10, the p-type impurity concentration of the low-doped 
layer 9 falls within the range of 1 x lO'Vcm' or less, 
preferably 5 x lO^Vcm^ or less in order to improve the 
electrostatic withstanding voltage, as shown in Fig. 3. The 
low-doped layer 9 has no particular lowermost limit of the p- 
25 type impurity concentration, and may be undoped. The p-type 
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impurity concentration of the low-doped layer 9 depends upon 
the doping dose while the layer 9 is grown. Further, the p- 
type impurity concentration of the low-doped layer 9 depends 
on the p-type impurity concentration of the p-cladding layer 
8 and the thickness of the low-doped layer 9, Therefore, 
even where the low-doped layer 9 is grown and doped with the 
p-type impurity concentration, the p-type impurity is 
diffused into the low-doped layer 9 also from the p-cladding 
layer. Thus, the distribution of the p-type impurity 
concentration of the low-doped layer 9 has a similar one as 
shown in Fig. 2 of Embodiment 2. The distribution has a 
bottom region, in which the lowest p-type impurity 
concentration is preferably, for instance, 5 x lO^Vcm' or 
more . 

Next, according to the present invention, the p- 
contact layer 10 as well as the aforementioned low-doped 
layer 9 can be formed of various nitride semiconductor 
expressed in the general formula of In^l^Ga^.^.^N (0 < r < 1, 
0<s<l, r+s<l). And in order to obtain layers with 
good crystallinity, the p-contact layer 10 is preferably 
formed of the ternary nitride compound semiconductor, more 
preferably formed of the binary nitride compound 
semiconductor of GaN not including In or Al, so that the p- 
electrode can be grown with a better ohmic contact thereby 
increasing the luminous intensity. 



In order to reduce the Vf and increase the 
electrostatic withstanding voltage, the thickness of the p- 
contact layer 10 may fall within the range of 0.001 through 
0,5|im, preferably within the range of 0,01 through 0.3iam, 
5 more preferably within the range of 0.05 through 0.2iam. 

Although various elements of the p-type impurity to 
be doped into the high-doped p-contact layer 10, which are 
similar to ones doped into the p-cladding layer 8, can be 
used, the p-contact layer is preferably doped with Mg. Where 

10 Mg is doped into the p-contact layer 10, the p-type 
characteristics and the ohmic contact can be easily achieved. 
The p-type impurity concentration of the contact layer 10 is 
not specifically limited thereto if it is adjusted to be 
greater than those of the p-cladding layer 8 and the low- 

15 doped layer 9. However, according to the present invention, 
in order to suppress the Vf, the p-type impurity 
concentration of the p-contact layer 10 falls within the 
range of 1 x lO^Vcm^ through 5 x 10^Vcm% preferably within 
the range of 5 x lO^Vcm^ through 3 x 10^°/cm^, and more 

20 preferably of approximately 1 x 10^°/cm\ 

Furthermore, the n-electrode 12 and the p-electrode 
11 are deposited on the n-contact layer 4 and the p-contact 
layer 9 that is doped with the p-type impurity, respectively. 
Although not specifically limited thereto, the material of 

25 the n-electrode 12 and the p-electrode 11 can be used with. 
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for example, W/Al and Ni/Au, respectively, 
(Embodiment 2) 

Embodiment 2 according to the present invention 
will be described hereinafter. 

The nitride semiconductor device of Embodiment 2 
relates to the Second nitride semiconductor device according 
to the present invention. 

The nitride semiconductor device of Embodiment 2 is 
grown as the way similar to that of Embodiment 1 except that 
the p-type low-doped layer 9 is undoped such that the p-type 
low-doped layer 9 has the p-type impurity concentration 
adjusted to be lower than those of the p-cladding layer 8 and 
the p-contact layer 10, and also has the bottom region with a 
p-type impurity minimal concentration of 1 x lO^Vcm^ or less. 

It is noted that the p-cladding layer of Embodiment 
2 corresponds to the first p-layer according to Second 
nitride semiconductor device. 

Thus, according to Embodiment 2, the p-type low- 
doped layer 9 is undoped, such that the impurity is doped 
from the p-cladding layer 8 and p-contact layer 10 into the 
p-type low-doped layer 9, of which p-type impurity 
concentration is adjusted to be less than those of the p- 
cladding layer 8 and the p-contact layer 10, and of which the 
p-type impurity minimal concentration is adjusted to be less 
than 1 x 10'Vcm\ 



The p-type impurity minimal concentration is 
referred to as, for instance as shown in Fig. 2, a point 51 
having a minimal impurity concentration in the distribution 
of the p-type impurity concentration, which is adjusted 
5 mainly by the thickness of the p-type low-doped layer 9, as 
will be discussed later. Fig. 2 shows the distribution of 
the p-type impurity concentration across the p-cladding layer 
8, the p-type low-doped layer 9, and the p-contact layer 10 
versus the thickness from the surface of the contact layer 10, 
10 which is schematically drawn based upon the experimental 
values . 

As described above, where the distribution of the 
p-type impurity concentration of the p-type low-doped layer 9 
(which is referred to as a p-type impurity concentration 

15 distribution) depends upon the diffusion of the impurity from 
adjacent layers, the p-type impurity concentration of the p- 
type low-doped layer 9 is less as remote along the thickness 
from the p-cladding layer 8 and the p-contact layer 10. And 
on the curve of the p-type impurity concentration 

20 distribution 50, there is a minimal point 51 (p-type impurity 
minimal concentration) of the impurity concentration between 
the composition faces of the p-cladding layer 8 and the p- 

contact layer 10. 

In the distribution curve 50 shown in Fig. 2, the 
25 slope from the composition face between the low-doped layer 9 
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and the p-contact layer 10 to the concentration minimal point 
51 is more abrupt than that from the composition face between 
the low-doped layer 9 and the p-cladding layer 8 to the 
concentration minimal point 51. 

Therefore, the concentration minimal point is 
formed adjacent to the p-contact layer 10 rather the p- 
cladding layer^ 8 in the distribution curve 50. 

The reason why there is a difference in the slopes 
in the distribution curve as described above, is understood 
because the slope adjacent to the p-cladding layer 8 is 
caused by the diffusion during the growth of the low-doped 
layer 9, contrary to this, the slope adjacent to the p- 
contact layer 10 is caused by the diffusion after the growth 
of the low-doped layer 9. 

As described above, where the p-type impurity 
concentration of the low-doped layer 9 depends upon the 
diffused impurity from adjacent layers, and the p-type 
impurity concentration thereof is much influenced by various 
conditions such as the impurity concentration of adjacent 
layers, the growth temperature, the layer thickness, and the 
growth rate of adjacent layers and the low-doped layer itself. 
Therefore, the growth conditions as above should be adjusted 
appropriately for the p-type impurity concentration of the 

low-doped layer 9. 

Since the p-type impurity concentration of the p- 



cladding layer 8 and the p-contact 10 layer are determined to 
achieve the desired characteristics of the device, according 
to Embodiment 2 of the invention, the p-type impurity 
concentration of the low-doped layer 9 should be adjusted 
mainly by the thickness of the p-type low-doped layer 9. For 
instance, the concentration minimal point 51 of the low-doped 
layer 9 is lower as the p-type impurity low-doped layer 9 is 
thicker even where the p-type impurity concentration of the 
p-cladding layer is unchanged. 

In other words, according to the nitride 
semiconductor device of Embodiment 2, the thickness of the p- 
type low-doped layer 9 is adjusted such that the p-type low- 
doped layer 9 has the p-type impurity concentration minimal 
point controlled to be less than 1 x lO'Vcm' in consideration 
of the p-type impurity concentration of the p-cladding layer 
8 and the p-contact layer 10. 

Also, the p-type low-doped layer 9 has the 
thickness adjusted thick enough to have the p-type impurity 
concentration minimal point suppressed, but preferably thin 
enough to have it exceeding 5 x 10^Vcm\ 

As the p-type low-doped layer 9 is thicker, then 
the p-type impurity concentration distribution has the bottom 
region of the impurity concentration less than 1 x lO^Vcm^ 
widened, it is needless to mention that such the wider bottom 
region affects advantageously according to the present 



invention. 

In the nitride semiconductor device according to 
Embodiment 2, since the p-type low-doped layer 9 is formed as 
an undoped layer, the distribution of the p-type impurity 
among three layers of the p-cladding layer 8, the p-type low- 
doped layer 9, and the p-contact layerlO can be readily 
adjusted as those of a medium doped layer, a low-doped layer, 
and a high doped layer, respectively. Thus, the device as 
well as Embodiment 1 can be improved in the luminous 
intensity and an electrostatic withstanding voltage. 

The reason because the electrostatic withstanding 
voltage can be improved according to the device of Embodiment 
2 is similar to that of Embodiment 1, that is, the p-type 
low-doped layer 9 acts as a high resistivity layer. 

The p-type low-doped layer 9 of Embodiment 2, as 
well as of Embodiment 1, can be formed of any nitride 
semiconductor expressed in the general formula of In^l^Ga^.^. 
3N (0 < r < 1, 0 < s < 1, r + s < 1), preferably formed of 
the ternary compound nitride semiconductor such as In^Ga^.^N 
(0 < r < 1) or Al3Gai_3N (0 < s < 1) , more preferably formed 
of the binary nitride compound semiconductor of GaN. If the 
p-type low-doped layer 9 is formed of GaN, then its 
crystallinity can be improved and its electrostatic 
withstanding voltage can be increased. Where the ternary 
compound nitride semiconductor expressed in the formula of 



Al Ga, .N (0 < s < 1) is used for the p-type low-doped layer 9, 
preferably its Al composition ratio is less than the average 
Al composition ratio of the p-type multi-film layer or the p- 
type single-layered layer (the Al composition ratio of the p- 
5 cladding layer 8) . Thus, the forward voltage (Vf) can be 
suppressed, and further the liominous intensity and the 
electrostatic withstanding voltage can be improved as good as 
the case where the p-type low-doped layer 9 is made of GaN, 

It is noted that the p-type low-doped layer 9 can 
10 be formed of a multi-film layer by laminating two kinds of 
nitride semiconductor films that have different composition 
each other, so formed device has the characteristics similar 
to that of the single-layered layer. 

And where the p-type low-doped layer 9 is formed of 
15 a multi-film layer, preferably either ones of the nitride 
semiconductor films are made of Al3Gai_3N (0 < s < 0.5) and 
the average Al composition ratio of the p-type low-doped 
layer 9 is less than that of the p-cladding layer 8. 

Also where the p-type low-doped layer 9 is formed 
20 of a multi-film layer, more preferably, either ones of the 
nitride semiconductor films are made of Al^Ga^.^N (0 < s < 
0.5) while the other films are made of GaN, and the average 
Al composition ratio of the p-type low-doped layer 9 is less 
than that of the p-cladding layer 8, 
25 As described above, the p-type low-doped layer 9 is 
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formed of a multi-film layer having the nitride semiconductor 
film made of Al.Gai.^N (0 < s < 0.5), or a multi-film layer 
having the nitride semiconductor film made of Al^Gai.gN (0 < s 
< 0,5) and the nitride semiconductor film made of GaN, so 
that the films containing Al have the crystallinity improved 
and the electrostatic withstanding voltage increased. 

Further, where the p-type low-doped layer 9 is 
formed of a multi-film layer, each of the film thickness is 
adjusted to be less than 100 angstroms and more than several 
angstroms . 

It is noted that, in the practice of the invention, 
the p-type impurity can be added while the p-type low-doped 
layer 9 is grown. 

In case where the p-type impurity can be added 
while the p-type low-doped layer 9 is grown, the impurity 
concentration of the p-type low-doped layer 9 has the 
distribution curve of the p-type impurity similar to that as 
shown in Fig. 2, and also has the minimal point adjusted to 
be a relative low value, for example, less than 1 x 10^Vcm% 
so that a similar effect to the present embodiment can be 
achieved. 

In Embodiment 2 as described above, the preferable 
structure for the nitride semiconductor layers (the multi- 
film layer or single layered layer, composition and impurity 
concentration, or the like) rather than the p-type low-doped 



layer 9 as mentioned above, is similar to that of Embodiment 
1, the effect cased by the structure is also similar to that 
of Embodiment !• 

According to the present embodiment, the active 
5 layer 7 may be formed of the multiple quantum well structure 
or the single quantum well structure. 

According to Embodiment 2, the device with the 
active layer 7 formed of the single quantum well structure 
has a luminous intensity lower than that with the active 

10 layer 7 formed of the multiple quantum well structure. Both 
of devices have the electrostatic withstanding voltage, which 
are similarly and substantially improved. 

As described above, in the nitride semiconductor 
device of Embodiment 2, the distribution of the p-type 

15 impurity concentration among three layers of the p-cladding 
layer 8, the p-type low-doped layer 9, and the p-contact 
layer 10 is adjusted to those of a medium doped layer, a low- 
doped layer, and a high doped layer. If the p-type impurity 
concentration of the p-type low-doped layer 9 is adjusted to 

20 be less than those of the p-cladding layer 8 and the p- 
contact layer 10, and the minimal point thereof is less than 
1 X lO^Vcm^, the p-type impurity concentration of the p-type 
low-doped layer 9 is not limited thereto. In other words, 
according to the present invention, the p-type impurity 

25 concentration of the p-cladding layer 8 may be the same as or 
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greater than that of the p-contact layer 10 under the above- 
mentioned condition. 

So formed device with the active layer of the single 
quantum well structure has the electrostatic withstanding 
5 voltage increased, and so formed device with the active layer 
of the multiple quantum well structure has both of the 
luminous intensity and electrostatic withstanding voltage 
increased. 

Also, in order to make the p-region layers have the 
10 p-type characteristics and the resisitivity lowered, an 
annealing step is conducted for the resultant nitride 
semiconductor device according to the present invention. As 
the annealing step is described in the Japanese Patent JP- 
2540791, which is incorporated herein as a reference, after 
15 growing the a nitride based compound semiconductor doped with 
p-type impurity by a vapor phase epitaxy, the nitride based 
compound semiconductor doped with p-type impurity is 
thermally exposed in the atmosphere at the temperature of 

400 °C , so that a hydrogen is forced to come out of the 
20 nitride gallium based compound semiconductor thereby having 
the semiconductor to have the p-type characteristics. 

Although several examples are disclosed hereinafter, 
the present invention is not particularly limited thereto. 
[Example 1] 

25 Referring to Fig. 1, Example 1 is explained 
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hereinafter, 

A substrate 1 of sapphire (C-face) is set within a 
MOCVD reactor flown with and the temperature of the 

substrate is set to 1050°C, the substrate 1 is cleaned. 
5 (buffer layer 2) 

Subsequently, the growth temperature is decreased 
to 510 °C and a buffer layer 2 made of GaN which has a 
thickness of about 100 angstroms is grown on the substrate 1 
flown with H2 as a carrier gas, and NH3 and TMG 
10 (trimethylgallium) as material gases into the reactor, 
(undoped GaN layer 3) 

After growing the buffer layer 2, only TMG is held, 

and the substrate temperature is increased to lOSO'C. After 
the temperature is stable, again the material gas of TMG and 

15 NH3 and the carrier gas of are flown into the reactor to 
grow the undoped GaN layer 3 having a thickness of l-5]am on 
the buffer layer 2. 
(n-contact layer 4) 

While the growth temperature is kept to 1050°C, the 

2 0 material gas of TMG and NH3, and an impurity gas of SiH4 are 
flown into the reactor to grow the n-contact layer 4 of GaN 
doped with Si having the Si impurity concentration of 5 x 
lO^Vcm^ and thickness of 2,2 65pm on the undoped GaN layer 3. 
(first n-region multi-film layer 5) 

25 Only SiH4 gas is held and the substrate temperature is 
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maintained at 1050 the first multi-film layer 5 is grown, 
which comprises three films, that is, a lower-film 5a, a 
middle-film 5b, and a upper-film 5c. The material gas of TMG 
and NH3 is flown into the reactor to grow the lower-film 5a 
5 of GaN undoped with the thickness of 2000 angstroms. Next, 
the impurity gas of SiH^ is, in addition, flown into the 
reactor to grow the middle-film 5b of GaN doped with Si 
having the impurity concentration of 4.5 x 10^^/cm^ and the 
thickness of 300 angstroms. And finally, the impurity gas is 

10 held, maintaining the growth temperature, to grow the upper- 
film 5c of GaN undoped with the thickness of 50 angstroms, 
(second n-region multi-film layer 6) 

Next, at the same growth temperature, the fourth 
nitride semiconductor film of undoped GaN is grown with the 

15 thickness of 40 angstroms. And after the growth temperature 

is set to 800°C, the material gases of TMG, TMI, and NH3 are 
flown into the reactor to grow the third nitride 
semiconductor film of undoped Ino.13Gao.87N with the thickness 
of 20 angstroms. By repeating the steps, the fourth and 

20 third nitride semiconductor films are laminated alternately 
and ten times and the fourth nitride semiconductor film is 
finally laminated with the thickness of 40 angstroms to 
complete the second n-region multi-film layer 6 of the 
superlattice structure with the thickness of 640 angstroms. 

25 (active layer 7) 
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In order to grow the active layer 7, the barrier 
layer made of undoped GaN with a thickness of 200 angstroms 

is laminated, the growth temperature is set to 800 °C, and 
then the well layer made of Ino.4Gao with a thickness of 30 
angstroms is deposited thereon using TMG, TMI, and NH3. These 
steps are repeated four times. And an another barrier layer 
made of undoped GaN with a thickness of 200 angstroms is 
laminated thereon. The active layer 7 has a multiple quantum 
well structure with a thickness of 1120 angstroms in total, 
(medium-doped multi-film p-cladding layer 8) 

After the growth temperature is set to 1050°C, the 
material gas of TMG, TMA ( trimethylaluminum) and NH3, the 
impurity gas of Cp2Mg (cyclopentadienyl magnesium) , the 
carrier gas of H2, are flown into the reactor to laminate a 
first nitride semiconductor film made of p-type Al0.2Ga0.aN 
doped with Mg in the concentration of 5 x lO^Vcm^ with a 
thickness of 40 angstroms. Then the growth temperature is 

set to 800 °C , the material gas of TMG, TMA and NH3, the 
impurity gas of CpjMg, the carrier gas of H2, are flown into 
the reactor to laminate a second nitride semiconductor film 
made of p-type Ino.03Gao.97N doped with Mg in the concentration 
of 5 X 10^^/cm^ with a thickness of 25 angstroms. These steps 
are repeated five times in the order of the first and second 
nitride semiconductor film. And finally, an another first 
nitride semiconductor film with a thickness of 40 angstroms 



is laminated thereon to complete the multi-film p-cladding 
layer 8 with a thickness of 365 angstroms, which has a super- 
lattice structure . 
(p-type low-doped layer 9) 

The growth temperature is set to 1050 °C , the 
material gas of TMG and NH3, the carrier gas of H2, are flown 
into the reactor to laminate a p-type low-doped layer 9 made 
of undoped GaN with a thickness of 2000 angstroms. Although 
the p-type low-doped layer 9 is laminated with the material 
of undoped GaN, the impurity Mg doped within the multi-film 
p-cladding layer 8 is diffused into the p-type low-doped 
layer 9 while the p-type low-doped layer 9 is laminated on 
the multi-film p-cladding layer 8. Furthermore, as 

described below, the impurity Mg doped in the high-doped p- 
type contact layer 10 is also diffused into the p-type low- 
doped layer 9 while the high-doped p-type contact layer 10 is 
laminated on the p-type low-doped layer 9. Therefore, the 
low-doped layer 9 shows a p-type characteristics. 

As shown in Fig. 2, the distribution of the Mg 
impurity concentration of the low-doped layer 9 has the 
minimal value 2 x 10^Vcm% and a value similar to that of the 
p-cladding layer 8 adjacent to the composition face between 
the p-cladding layer 8 and the low-doped layer 9, The 
distribution of the Mg impurity concentration of the low- 
doped layer 9 is reduced gradually as being apart from the p- 



cladding layer 8 to the minimal value adjacent to the 
composition face (just before the formation of the p-contact 
layer 10) between the low-doped layer 9 and the p-contact 
layer 10. 

(high-doped p-contact layer 10) 

The growth temperature is set to 1050 , the 
material gas of TMG, and NH3, the impurity gas of CpsMg, the 
carrier gas of H2, are flown into the reactor to laminate a 
p-contact layer made of p-type GaN doped with Mg in the 
concentration of 1 x lO^Vcm^ with a thickness of 1200 
angstroms. After growing the p-contact layer 10 and the 
temperature is cooled down to the room temperature, then the 

wafer is annealed at 700 °C within the N2 atmosphere to make 
the p-type layers have less resistivity. 

After annealing, the resultant wafer is taken out 
of the reactor, a desired mask is formed on the top surface 
of the p-contact layer 10, and the wafer is etched from a 
side of the p-contact layer 10 to expose surfaces of the n- 
type contact layer 4 as shown in Fig. 1. 

After being etched, a transparent p-electrode 11 
containing Ni and Au with a thickness of 200 angstroms and a 
p-electrode pad 12 made of Au with a thickness of 0.5pm for 
wire-bonding are successively formed on the substantially 
overall surface of the p-contact layer 10. Meanwhile, an n- 
electrode 12 containing W and Al is formed on the exposed 



surface by the etching step* Thus^ the LED device is 
completed. 

This LED device has optical and electrical 
characteristics emitting light with a peak wavelength of 
520nm at the forward current of 20mA and the forward voltage 
of 3,5V. The forward voltage is less by approximately 1,0V 
and the luminous intensity is improved to double in 
comparison with those of the conventional LED device of the 
multiple quantum well structure. Advantageously, the 

resultant LED device has a reverse electrostatic withstanding 
voltage that is more than that by 1.5 times and a forward 
electrostatic withstanding voltage that is more by 2 times 
than those of the conventional LED device. 

The conventional LED device is comprised by 
successively depositing a first buffer layer made of GaN, a 
second buffer layer made of undoped GaN^ an n-contact layer 
made of GaN doped with Si, an active layer of the multiple 
quantum well structure similar to Example 1, a single-layered 
layer made of Alo.1Gao.9N doped with Mg, and a p-contact layer 
made of GaN doped with Mg. 
[Example 2] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the active layer 7 
is formed as described below. Therefore, no further 
explanation will be made thereto. 



(active layer 7) 

The barrier film made of undoped GaN with a 
thickness of 250 angstroms is laminated, and after the growth 

temperature is set to 800 °C, the material gas of TMG, TMI, 
5 and NH3, and the carrier gas of H2, are flown into the 
reactor to laminate a well layer made of undoped Ino.3Gao.7N 
with a thickness of 30 angstroms. These steps are repeated 6 
times, and lastly, an another barrier layer is laminated, so 
S that each of the well layers is sandwiched by the barrier 

jj 10 layers on both surfaces. Thus, the active layer 7 of Example 
\n 2 is grown of the multiple quantum well structure with a 

y thickness of 1930 angstroms. 

0 The resultant LED device emits pure blue light with 

rll. a peak wavelength of 47 0nm at the forward current of 20mA and 

O 15 has favorable optical and electrical characteristics similar 

to that of Example 1. 

[Example 3] 

Again, an another LED device is manufactured, which 
is similar to that of Example 1 except that the active layer 
20 is formed as described below. Therefore, no further 
explanation will be made thereto, 
(active layer 7) 

The barrier film made of undoped GaN with a 
thickness of 250 angstroms is laminated, and after the growth 
25 temperature is set to 800 °C, the material gas of TMG, TMI, 



-68- 




and NH3, and the carrier gas of H^, are flown into the 
reactor to laminate a well layer made of undoped Ino.3Gao.7N 
with a thickness of 30 angstroms. These steps are repeated 5 
times, and lastly, an another barrier layer is laminated, so 
5 that each of the well layers is sandwiched by the barrier 
layers on both surfaces. Thus, the' active layer 7 of Example 
3 is grown of the multiple quantum well structure with a 
thickness of 1650 angstroms. 
Q The resultant LED device emits pure blue light with 

jj 10 a peak wavelength of 470nm at the forward current of 20mA and 
\n has favorable optical and electrical characteristics similar 

y to that of Example 1. 

Q [Example 4] 

ilJ An another LED device is manufactured, which is 

0 15 similar to that of Example 1 except that the active layer is 
formed as described below. Therefore, no further explanation 
will be made thereto, 
(active layer 7) 

The barrier film made of undoped GaN with a 
20 thickness of 250 angstroms is laminated, and after the growth 

temperature is set to 800 °C, the material gas of TMG, TMI, 
and NH3, and the carrier gas of H2, are flown into the 
reactor to laminate a well layer made of undoped Ino.35Gao.65N 
with a thickness of 30 angstroms. These steps are repeated 6 
25 times, and lastly, an another barrier layer is laminated, so 
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that each of the well layers is sandwiched by the barrier 
layers on both surfaces* Thus, the active layer 7 of Example 

4 is grown of the multiple quantum well structure with a 
thickness of 1930 angstroms. 

The resultant LED device emits bluish green light 
with a peak wavelength of 500nm at the forward current of 
20mA and has favorable optical and electrical characteristics 
similar to that of Example !• 
[Example 5] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the active layer is 
formed as described below. Therefore, no further explanation 
will be made thereto, 
(active layer 7) 

The barrier film made of undoped GaN with a 
thickness of 2 50 angstroms is laminated, and after the growth 

temperature is set to 800 "C^ the material gas of TMG, TMI, 
and NH3, and the carrier gas of H2, are flown into the 
reactor to laminate a well layer made of undoped Ino.asGao.gsN 
with a thickness of 30 angstroms. These steps are repeated 3 
times, and lastly, an another barrier layer is laminated, so 
that each of the well layers is sandwiched by the barrier 
layers on both surfaces. Thus, the active layer 7 of Example 

5 is grown of the multiple quantum well structure with a 
thickness of 1090 angstroms. 




The resultant LED device emits bluish green light 
with a peak wavelength of 500nm at the forward current of 
20inA and has favorable optical and electrical characteristics 
similar to that of Example 1. 
5 [Example 6] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the second n-region 
multi-film layer 6 is not grown. Therefore, no further 
Q explanation will be made thereto. 

J 10 The resultant LED device has the device 

ijl characteristics including the luminous intensity which are 

IM less desirable than that of Example 1, but has the 

Q electrostatic withstanding voltage similar to that of Example 

W 1. 

B 15 [Example 7] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the multi-film layer 
8 is modified as described below. Therefore, no further 
explanation will be made thereto. 
20 (single-layered p-cladding layer 8) 

The growth temperature is set to 1050 t , the 
material gas of TMG, TMA, and NH^, and the carrier gas of H2, 
are flown into the reactor to grow a single-layered p- 
cladding layer 8 made of Alo.i6Gao^g4N in the Mg impurity 
25 concentration of 5 x lO^Vcm^ with a thickness of 300 
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angstroms . 

The p-cladding layer 8 is formed of the single- 
layered structure rather than the multi-film layer structure, 
so that the device characteristics such as the luminous 
5 intensity is less desirable but the electrostatic 
withstanding voltage is similar to that of Example 1. In 
case where the p-cladding layer 8 is formed of the single- 
layered structure, the LED devices can be manufactured more 
easily than the case where it is formed of the multi-film 
10 layer structure. 
[Example 8] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the thickness of the 
n-contact layer 4 and the first n-region multi-film layer 5 
15 are modified as described below. Therefore, no further 
explanation will be made thereto, 
{n-contact layer 4) 

The n-contact layer 4 is modified to have the 
thickness of 2.165vim. 
20 (first n-region multi-film layer 5) 

Only SiH^ gas is held and the substrate temperature 

is maintained at 1050 °C , the first multi-film layer 5 is 
grown, which comprises three films, that is, a lower-film 5a, 
a middle-film 5b, and a upper-film 5c. The material gas of 
25 TMG and NH3 is flown into the reactor to grow the lower-film 
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5a of undoped GaN with the thickness of 3000 angstroms. Next, 
the impurity gas of SiH^ is, in addition, flown into the 
reactor to grow the middle-film 5b with the thickness of 300 
angstroms made of GaN doped with Si in the impurity 
5 concentration of 4.5 x lO^Vcm^. And the impurity gas is again 
held, maintaining the growth temperature, to grow the upper- 
film 5c of GaN undoped with the thickness of 50 angstroms. 
Thus the first n-region multi-film layer 5 is obtained with 
the thickness of 3350 angstroms in total. 
10 The resultant LED device has favorable optical and 

electrical characteristics similar to those of Example 1, 
[Example 9] 

An another LED device is manufactured, which is 

similar to that of Example 8 except that the thickness of the 
15 n-contact layer 4 is 4.165]am and the total thickness of the 

undoped GaN layer 3, the n-contact layer 4, and the first n- 

region multi-film layer 5 is e.Opm. Therefore, no further 

explanation will be made thereto. 

The resultant LED device has the electrostatic 
20 withstanding voltage more favorable than that of Example 8, 

and has the other optical and electrical characteristics 

similar to those of Example 8. 

[Example 10] 

An another LED device is manufactured, which is 
25 similar to that of Example 8 except that the p-type low-doped 
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layer has the thickness of 3000 angstroms and minimal value 
of the Mg impurity concentration of 1 x 10^Vcm\ 

The resultant LED device has the optical and 
electrical characteristics similar to those of Example 8. 
5 [Example 11] 

An another LED device is manufactured^ which is 
similar to that of Example 8 except that the Mg impurity 
concentration of the medium-doped multi-film layer 8 
including the first and second nitride semiconductor film, 
10 the high-doped p-contact layer 10, and the low-doped layer 9 
is 1 X 10^Vcm% 5 x 10^Vcm% and 1 x lO^Vcm^, respectively. 

The resultant LED device has the optical and 
electrical characteristics similar to those of Example 8. 
[Example 12] 

15 ]\n another LED device is manufactured, which is 

similar to that of Example 8 except that the first nitride 
semiconductor film of the medium-doped multi-film p-cladding 
layer 8 is doped in the Mg impurity concentration of 5 x 
lO^Vcm^ and the second nitride semiconductor film is undoped, 

2 0 Thus, the first nitride semiconductor film has the impurity 
concentration different from that of the second nitride 
semiconductor film. The average of the Mg impurity 

concentration of the medium-doped multi-film p-cladding layer 
8 is 2 X lO^^/cm^, and the minimum of the Mg impurity 

25 concentration of the low-doped layer 9 adjacent thereto is 3 
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X 10^Vcm\ The Mg impurity concentration of the high-doped 
p-contact layer 10 is 1 x 10^Vcm\ 

The resultant LED device has the optical and 
electrical characteristics similar to those of Example 8, 
5 [Example 13] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that a p-type low-doped 
layer 9 made of Alo.05Gao.95N with a thickness of 1000 angstroms 
is grown with the material gas of TMG, TMA, and NH3, The 
10 low-doped layer 9 is grown so that the low-doped layer 9 has 
%i also the minimum of the Mg concentration, which is lower than 

that of the p-cladding layer 8 and the p-contact layer 10, 

St 

^ The resultant LED device has the optical and 

electrical characteristics similar to those of Example 1, 
5 15 [Example 14] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the flow rate of the 
impurity gas of CpsMg is controlled so that the p-type low- 
doped layer 9 made of undoped GaN with a thickness of 2000 
20 angstroms is grown to have the minimum of the Mg impurity 
concentration of 8 x lO^Vcm^. 

The resultant LED device has the optical and 
electrical characteristics similar to those of Example 1. 
[Example 15] 

25 An another LED device is manufactured, which is 
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similar to that of Example 8 except that the p-type low-doped 
layer 9 with a thickness of 1000 angstroms is grown to have 
the minimum of the Mg impurity concentration of 6.4 x 10"/cm\ 
The resultant LED device has the optical and 
electrical characteristics similar to those of Example 8. 
[Example 16] 

Two kind of another LED devices are manufactured 
which are similar to that of Example 8 except that the n- 
contact layer 4 has the thickness of 5.165pm and 7.165ijm, and 
the total thickness of the undoped GaN layer 3, the n-contact 
layer 4, and the first n-region multi-film layer 5 is 7 . Opm 
and 9.0ijm, respectively. 

The resultant LED device has the electrostatic 
withstanding voltage slightly more favorable than that of 
Example 8, and has the other optical and electrical 
characteristics similar to those of Example 8. 
[Example 17] 

An another LED device is manufactured, which is 
similar to that of Example 8 except that the medium-doped 
multi-film layer p-cladding layer 8 includes the first 
nitride semiconductor film made of undoped Alo.aGao.sN and the 
second nitride semiconductor film made of Ino.03Gao.97N doped 
with Mg in the concentration of 5 x lO^Vcm^ 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 



Example 8 • 
[Example 18] 

An another LED device is manufactured, which is 
similar to that of Example 8 except that the first n-region 
multi-film layer 5 includes the lower-film 5a made of GaN 
with a thickness of 300 angstroms, the middle-film 5b made of 
Alo.iGao.gN with a thickness of 300 angstroms, and the upper- 
film 5c with a thickness of 50 angstroms. 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 
Example 8 and favorable. 
[Example 19] 

An another LED device is manufactured, which is 
similar to that of Example 8 except that the first n-region 
multi-film layer 5 includes the lower-film 5a made of undoped 
Alo.iGao.gN with a thickness of 3000 angstroms, the middle-film 
5b made of Al^^^^Gao.gN doped in the concentration of 5 x 
10^^/cm^ with a thickness of 300 angstroms, and the upper-film 
5c made of undoped Al^Gao.gN with a thickness of 50 angstroms. 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 
Example 8 and favorable. 
[Example 20] 

An another LED device is manufactured, which is 
similar to that of Example 8 except that the first n-region 



multi-film layer 5 includes the lower-film 5a made of undoped 
Alo.1Gao.9N with a thickness of 3000 angstroms, the middle-film 
5b made of GaN doped in the concentration of 5 x lO^Vcm^ with 
a thickness of 300 angstroms, and the upper-film 5c made of 
5 undoped GaN with a thickness of 50 angstroms. 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 
Example 8 and favorable. 
2 [Example 21] 

\a 10 An another LED device is manufactured, which is 

ifl similar to that of Example 8 except that the n-contact layer 

[ij 4 is made of Alo.os^ao.gsN doped with Si in the concentration of 

□ 4*5 X lO^Vcm^ with a thickness of 4.165iam. 

ilJ The resultant LED device has the optical and 

O 15 electrical characteristics substantially similar to those of 

Example 8 . 

[Example 22] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that an single-layered 
20 undoped GaN layer with a thickness of 1500angstroms is grown 
substituting for the first n-region multi-film layer 5, 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 
Example 1, although the electrostatic withstanding voltage is 
25 slightly reduced. 
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[Example 23] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the second n-region 
multi-film layer 6 includes a fourth nitride semiconductor 
film and a third nitride semiconductor film made of 
Ino^-LsGao.svN doped with Si in the concentration of 5 x 10^^/cm\ 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 
Example 1. 
[Example 24] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the p-type low-doped 
layer 9 is grown by alternately laminating the undoped 
Alo^osGao^gsN layer with a thickness of SOangstroms and the 
undoped GaN layer with a thiclcness of SOangstroms, so that 
the total thickness of the p-type low-doped layer 9 is 2000 
angstroms . 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 
Example 1* 
[Example 25] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the p-cladding layer 
8 and the p-contact layer 10 has the p-type impurity 
concentration of 1 x 10^'^/cm^ and 1 x 10^^/cm^, and the p-type 



low-doped layer has the minimuni of the impurity concentration 
which is less than 1 x lO^Vcm^ 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 
Example 1. 
[Example 2 6] 

An another LED device is manufactured/ which is 
similar to that of Example 1 except that the p-cladding layer 
(a first p-type layer) 8 is made of GaN doped with Mg in the 
concentration of 5 x lO'Vcm' with a thickness of 300 
angstroms, and the p-type low-doped layer 9 is made of 
undoped GaN layer with a thickness of 2000 angstroms. 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 
Example 1, although the luminous intensity is slightly less 
than that of Example 1. 
[Example 27] 

An another LED device is manufactured, which is 
similar to that of Example 1 except that the p-cladding layer 
(a first p-type layer) 8 is made of GaN doped with Mg in the 
concentration of 5 x lO'Vcm^ with a thickness of 300 
angstroms, and the p-type low-doped layer 9 is made of 
undoped Alo.05Gao.95N layer with a thickness of 2000 angstroms. 

The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 



Example 1, although the luminous intensity is slightly less 
than that of Example 1. 
[Example 28] 

An another LED device is manufactured, which is 
5 similar to that of Example 9 except that the active layer 7 
and the p-type low-doped layer 9 are manufactured as 
described below* 
(active layer 7) 

The barrier film made of undoped GaN with a 
W 10 thickness of 250 angstroms is laminated, and after the growth 

Ji? temperature is set to SOO'C, the material gas of TMG, TMI, 

and NH3, and the carrier gas of H2, are flown into the 
reactor to laminate a well layer made of undoped Ino.3Gao.7N 
-'i with a thickness of 30 angstroms. These steps are repeated 5 

S 15 times, so that each of the well layers is sandwiched by the 
barrier layers on both surfaces. Thus, the active layer 7 of 
Example 2 is grown of the multiple quantum well structure 
with a thickness of 1650 angstroms, 
(p-type low-doped layer 9) 
2 0 The p-type low-doped layer 9 is formed of undoped 

Alo^osGao.g^N layer with a thickness of 2000 angstroms with use 
of TMG, TMA, and NH3, And the Mg impurity within the 
adjacent layers is diffused into the p-type low-doped layer 9 
so that the p~type low-doped layer 9 has the minimum of the 
25 Mg impurity concentration, which is less than 2 x 10^Vcm\ 
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The resultant LED device has the optical and 
electrical characteristics substantially similar to those of 
Example 9 and favorable, 
[Example 29] 

5 An another LED device is manufactured, which is 

similar to that of Example 2 8 except that the active layer 7 
is manufactured as described below, 
(active layer 7) 

The barrier film made of undoped GaN with a 

10 thickness of 250 angstroms is laminated, and after the growth 
temperature is set to 800°C, the material gas of TMG, TMI, 
and NH3, and the carrier gas of H2, are flown into the 
reactor to laminate a well layer made of undoped Ino^ssGao.esN 
with a thickness of 30 angstroms. These steps are repeated 6 

15 times, so that each of the well layers is sandwiched by the 
barrier layers on both surfaces. Thus, the active layer 7 of 
Example 29 is grown of the multiple quantum well structure 
with a thickness of 1930 angstroms. 

The resultant LED device has the optical and 

20 electrical characteristics substantially similar to those of 
Example 2 8 and favorable. 
[Example 30] 

An another LED device is manufactured, which is 
similar to that of Example 2 8 except that the active layer 7 
25 is manufactured as described below. 
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(active layer 7) 

The barrier film made of undoped GaN with a 
thickness of 250 angstroms is laminated, and after the growth 

temperature is set to 800 °C, the material gas of TMG, TMI, 
5 and NH3, and the carrier gas of H2/ are flown into the 
reactor to laminate a well layer made of undoped Ino^4Gao.6N 
with a thickness of 30 angstroms. These steps are repeated 4 
^ times, so that each of the well layers is sandwiched by the 

^fl barrier layers on both surfaces. Thus, the active layer 7 of 

W 10 Example 29 is grown of the multiple quantum well structure 
j£J with a thickness of 1120 angstroms. 

W The resultant LED device has the optical and 

H electrical characteristics substantially similar to those of 

Example 28 and favorable. 

Effect of the Present Invention 

As clearly shown in the above description, 
according to the First nitride semiconductor device of the 
present invention, the nitride semiconductor device with the 

20 active layer of the multiple quantum well structure can be 
provided, in which the luminous intensity and the 
electrostatic withstanding voltage are improved allowing the 
expanded application to various products. 

Also, according to the Second nitride semiconductor 

25 device of the present invention, the nitride semiconductor 
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device can be provided, in which the electrostatic 

withstanding voltage is improved to make the nitride 

semiconductor device robust against the electrostatic 
withstanding voltage- 



What is claimed is : 

1, A nitride semiconductor device, comprising: 

a) a substrate; 

b) an active layer of a multiple quantum well 
5 structure containing IngGa^^^N (0 < a < 1) ; 

c) an n-region nitride semiconductor layer 
structure interposed between said substrate and said active 
layer; 

2 d) a p-type multi-film layer formed on said active 

M 10 layer, said p-type multi-film layer including, 

-was 

ijl a first nitride semiconductor film containing Al, 

|i| a second nitride semiconductor film having a 

O composition different from that of said first nitride 

iU semiconductor film, at least one of said first and second 

Q 15 nitride semiconductor films having a p-type impurity; 

e) a p-type low-doped layer formed on said p-type 
multi-film layer, having a concentration of the p-type 
impurity lower than that of said p-type multi-film layer; and 

f) a p-contact layer formed on said p-type low- 
20 doped layer, having a concentration of the p-type impurity 

higher than that of said p-type multi-film layer. 

2, A nitride semiconductor device according to Claim 1, 
wherein said p-type low-doped layer is made of AlgGa^.gN (0 < 

25 s < 0.5), and said p-type low-doped layer has a composition 
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ratio of Al less than that of said p-type multi-film layer. 

3. A nitride semiconductor device according to Claim 1, 
wherein said p-type low-doped layer is formed of a multi-film 
layered structure with layers made of Al.Gai.^N (0 < s < 0,5), 
and an average composition ratio of Al of said p-type low- 
doped layer is less than that of said p-type multi-film layer, 

4. A nitride semiconductor device according to Claim 1, 
wherein the impurity contained within said p-type multi-film 
layer and said p-contact layer is diffused into said p-type 
low-doped layer. 

5. A nitride semiconductor device according to Claim 1, 
wherein the concentration of the p-type impurity of said 
multi-film layer falls within the range of 5 x lO^Vcm^ 
through 1 x 10^Vcm\ 

6. A nitride semiconductor device according to Claim 1, 
wherein the concentration of the p-type impurity of said low- 
doped layer is less than 1 x 10^Vcm\ 

7. A nitride semiconductor device according to Claim 1, 
wherein the concentration of the p-type impurity of said p- 
contact layer falls within the range of 1 x lO'Vcm' through 5 
X 10'Vcm\ 



8. A nitride semiconductor device according to Claim 1, 
wherein said n-region nitride semiconductor layer structure 
includes an n-region multi-film layer having a lower-film 
made of undoped nitride semiconductor, a middle-film doped 
with an n-type impurity, and an upper-film made of undoped 
nitride semiconductor • 



9, A nitride semiconductor device according to Claim 1, 
jQ wherein said n-region nitride semiconductor layer structure 

10 further includes an undoped GaN layer and an n-contact layer 
containing an n-type impurity, successively formed on said 
substrate* 



10, A nitride semiconductor device according to Claim 9, 
15 wherein said n-type first multi-film layer is formed on said 
n-contact layer, and the total thickness of said undoped GaN 
layer, said n-contact layer, and said n-type first multi-film 
layer falls within the range of 2 through 20]jm. 



20 11, A nitride semiconductor device, comprising: 

a) a substrate; 

b) an active layer of a multiple quantum well 
structure containing In^Ga^^-a^^ (0 < a < 1); 

c) an n-region nitride semiconductor layer 
25 structure interposed between said substrate and said active 
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layer; 

d) a p-type single-layered layer formed on said 
active layer, made of AlbGai^^N (0 < b < 1) containing a p- 
type impurity; 

e) a p-type low-doped layer formed on said p-type 
single-layered layer, having a concentration of the p-type 
impurity lower than that of said p-type single-layered layer; 
and 

f) a p-contact layer formed on said p-type low- 
doped layer, having a concentration of the p-type impurity 
higher than that of said p-type single-layered layer. 

12. A nitride semiconductor device according to Claim 
11, wherein said p-type low-doped layer is made of AlsGa^.^N 
(0 < s < 0,5), and said p-type low-doped layer has a 
composition ratio of Al less than that of said p-type single- 
layered layer. 

13. A nitride semiconductor device according to Claim 
11, wherein said p-type low-doped layer is made of Al^Gai.sN 
(0 < s < 0.5), and an 'average composition ratio of Al of said 
p-type low-doped layer is less than that of said p-type 
single-layered layer. 

14. A nitride semiconductor device according to Claim 



11, wherein the impurity contained within said p-type single- 
layered layer and said p-contact layer is diffused into said 
p-type low-doped layer, 

15. A nitride semiconductor device according to Claim 
11, wherein the concentration of the p-type impurity of said 
single-layered layer falls within the range of 5 x lO^Vcm^ 
through 1 x lO^Vcm^ 

16. A nitride semiconductor device according to Claim 
11, wherein the concentration of the p-type impurity of said 
low-doped layer is less than 1 x 10^^/cm^. 

17. A nitride semiconductor device according to Claim 
11, wherein the concentration of the p-type impurity of said 
p-contact layer falls within the range of 1 x lO^Vcm^ through 
5 x lO'Vcm'. 

18. A nitride semiconductor device according to Claim 
11, wherein said n-region nitride semiconductor layer 
structure includes an n-region multi-film layer having a 
lower-film made of undoped nitride semiconductor, a middle- 
film doped with an n-type impurity, and an upper-film made of 
undoped nitride semiconductor. 



19. A nitride semiconductor device according to Claim 
11, wherein said n-region nitride semiconductor layer 
structure further includes an undoped GaN layer and an n- 
contact layer containing an n-type impurity, successively 

5 formed on said substrate, 

20. A nitride semiconductor device according to Claim 
19, wherein said n-type first multi-film layer is formed on 

D said n-contact layer, and the total thickness of said undoped 

d 10 GaN layer, said n-contact layer, and said n-type first multi- 
iji film layer falls within the range of 2 through 20iim. 

O 21. A nitride semiconductor device, comprising: 

111 a) a substrate; 

O 15 b) an n-region nitride semiconductor layer 

structure formed on said substrate; 

c) an active layer of a multiple quantum well 
structure formed on said n-region nitride semiconductor layer 
structure; 

20 d) a first p-type layer formed on said active layer, 

being made of p-type nitride semiconductor; 

e) a p-contact layer; 

f ) a p-type low-doped layer interposed between said 
active layer and said p-contact layer, wherein said p-type 

25 low-doped layer has the p~type impurity concentration that is 
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^ minimized to less than 1 x lO^Vcm^ and gradually increases 

towards the p-contact layer and the first p-type layer, 

22, A nitride semiconductor device according to Claim 
5 21, wherein said p-type low-doped layer is made of undoped 
nitride semiconductor, and the impurity contained within said 
p-contact layer and said first p-type layer is diffused into 
said p-type low-doped layer. 

10 23. A nitride semiconductor device according to Claim 

m 22, wherein said p-type low-doped layer has the thickness 

y adjusted so that the minimum of the p-type impurity 

O concentration is less than 1 x 10^^/cm^. 

p 15 24. A nitride semiconductor device according to Claim 

21, wherein said active layer is made of the multiple quantum 
well structure including at least one layer made of In^Gai^^N 
(0 < a < 1) . 

20 25. A nitride semiconductor device according to Claim 

21, wherein said p-type low-doped layer are formed of a 
multi-film layer by alternately laminating two kinds of films, 
which have compositions different from each other. 

25 26, A nitride semiconductor device according to Claim 
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21, wherein said first p-type layer contains Al . 

27. A nitride semiconductor device according to Claim 
2 6, wherein said first p^type layer is formed of p-type 
5 multi-film layer by laminating a first nitride semiconductor 
film containing Al and a second nitride semiconductor film 
having a composition different from that of said first 
nitride semiconductor film, and at least one of said first 
and second nitride semiconductor film contains the p-type 

J H 5 

TV 10 impurity therein. 

~* 

hi 28. A nitride semiconductor device according to Claim 

Q 26, wherein said p-type low-doped layer is made of GaN. 

□ 15 29. A nitride semiconductor device according to Claim 

2 6, wherein said p-type low-doped layer is made of AlgGaj^gN 
(0 < s < 0.5), and said p-type low-doped layer has a 
composition ratio of Al less than that of said p-type multi- 
film layer. 

20 

30. A nitride semiconductor device according to Claim 
2 6, wherein said p-type low-doped layer is formed of a multi- 
film layered structure with layers made of Al^Gai.sN (0 < s < 
0.5), and an average composition ratio of Al of said p-type 
25 low-doped layer is less than that of said p-type multi-film 
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layer. 



31. A nitride semiconductor device according to Claim 
30, wherein said p-type low-doped layer is formed by 
alternately laminating layers made of AlgGa^^gN (0 < s < 0.5) 
and layers made of GaN. 

32, A nitride semiconductor device according to Claim 
21, wherein said n-region nitride semiconductor layer 
structure includes an n-region multi-film layer having a 
lower-film made of undoped nitride semiconductor, a middle- 
film doped with an n-type impurity, and an upper-film made of 
undoped nitride semiconductor, 

33, A nitride semiconductor device according to Claim 
21, wherein said n-region nitride semiconductor layer 
structure further includes an n-contact layer containing an 
n-type impurity, and an undoped GaN layer interposed between 
said substrate and said n-contact layer, 

34. A nitride semiconductor device according to Claim 
33, wherein said n-type first multi-film layer is formed on 
said n-contact layer, and the total thickness of the undoped 
GaN layer, said n-contact layer, and said n-type first multi- 
film layer falls within the range of 2 through 20Tjm. 



Abstract of the Disclosure 

The present invention provides a nitride 
semiconductor light emitting device with an active layer of 
the multiple quantum well structure, in which the device has 
an improved luminous intensity and a good electrostatic 
withstanding voltage, thereby allowing the expanded 
application to various products. The active layer 7 is 
formed of a multiple quantum well structure containing In^Gai_ 
(0 < a < 1) . The p-cladding layer 8 is formed on said 
active layer containing the p-type impurity. The p-cladding 
layer 8 is made of a multi-film layer including a first 
nitride semiconductor film containing Al and a second nitride 
semiconductor film having a composition different from that 
of said first nitride semiconductor film. Alternatively, the 
p-cladding layer 8 is made of single-layered layer made of 
AlbGai_i,N (0 < b < 1) . A low-doped layer 9 is grown on the p- 
cladding layer 8 having a p-type impurity concentration lower 
than that of the p-cladding layer 8. A p-contact layer is 
grown on the low-doped layer 9 having a p-type impurity 
concentration higher than those of the p-cladding layer. 8 and 
the low-doped layer 9. 
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AVERAGE ELECTROSTATIC BREAKDOWN 
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JOmS, VOLENTINE, STEINBERG 4& WHIJT, LLP, (1/99) 

DECLARATION AND POWER OF ATTORNEY 
FOR as. PATENT APPLICATION 

(^Original ( ) Supplemental ( ) Substitute ( ) PCT ( ) Design 

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as 
stated below next to my name; that I verily believe that I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject 
matter which is claimed and for which a patent is sought on the invention entitled: 

TITLE: NITRIDE SEMICCNDUCTOR DEVICE 



of which is described and claimed in: 

(X ) the attached specification, or 

( ) the specification ki the application Serial No. filed 

and with amendments through (if q)plicable), or 

( ) the specification in International Application No. PCT/ . filed 

and as amended on (if applicable). 



I hereby state that I have reviewed and understand the content of the above-identified specification, including 
the claims, as amended by any amendment (s) referred to above. 

I acknowledge my duty to disclose information of which I am aware which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, §1 .56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 (and §172 if this application is 
for a Design) of any foreign application(s) for patent or inventor's certificate listed below and have also 
identified below any foreign application for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed: 



COUNTRY 


APPLICATION NO. 


DATE OF FZLENG 


PRIORITY 
CLAIMED 


Japan 


P 11-087078 


March 29, 1999 


Yes 


Japan 


P 11-095420 


i^ril 1, 1999 


Yes 


Japan 


P 11-098158 


;^ril 5, 1999 


Yes 


Japan 


P 11-113050 


April 21, 1999 


Yes 


Japan 


P 11-254238 


September 8, 1999 


Yes 











I hereby claim the benefit under Tide 35, United States Code, §120 of any United States application(s) 
listed below and> insofar as the subject matter of each of the claims of this application is not disclosed in the 
prior United States application in the manner provided by die first paragraph of Title 35, United States Code, 
§112, I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal 
Regulations, § 1.56(a) which occurred between the filing date of the prior application and the national or PCT 
international fiJing date of this application: 
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APPLICATION SERIAL NO. 


V.S. FILING DATE 


OlfxL U&* rA 2 CtiM 1 t^Uf JrEiniJiriiMf 

ABANDONED 





















Andlhereby appoint Raymond C.Jones, Reg. No. 34,631, AdamC. Volentine.Reg. No. 33,289, Neil A. Steinberg, 
Reg. No. 34,735, and Stephen R. Whitt. Reg. No. 34,753, members of the firm of JONES, VOLENTINE, 
STEINBERG & WHITT, L.L.P., jointly and severally, attorneys to prosecute this application and to transact all 
business in the U.S. Patent and Trademark Office connected therewith. 

I hereby authorize the U.S. attorneys named herein to accept and follow instructions from AOYAM A & PARTNERS 
as to any action to be taken in the U.S. Patent and Trademark Office regarding this application without direct 
communication between the U.S. attorneys and myself. In the event of a change in the persons from whom instructions 
may be taken, the U.S. attorneys named herein will be so notified by me. 



Kindly direct all correspondence to: JONES, VOLENTINE, STEINBERG & WHITT, LX.P. 

12200 Sunrise Valley Drive 
Suite 150 
Reston, Virginia 20191 



Telephone (703) 715-0870 


Full Name of 
Ist Inventor 


FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME 

TMizkm Koji 


Residence & 
Otizenship 


CITV STATE OR COUNTRY COtmHY OF CITIZENSHIP 

Anan-shi Tokushima, Japan Japan 


P<wt Omce 
Address 


ADDRESS CITY STATE OR COUPfTRY ZIP CODE 

c/o NICHIA CORPORATION, 491-100, Oka, Kaminaka-cho, Anan-shi, 
Tokushima 774-8601 Japan 


Full Name of 
2nd Inventor 


FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY STATE OB COUNTRY COUNTRY OP CITIZET^HIP 


Post Office 
Address 


ADDRE&5 CITY STATE OR COUNTltY ZIP COO E 


Full Name of 
3rd Inventor 


FAMILY NAME FI31ST GIVEN NAME SECOND CI VEN NAME 


Residence & 
Citizenship 


CITY STATE OR COUNTRY COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS CITY STATE OR COUNTRY ZIP CODE 
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Full Name of 
4th Inventor 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


Citizenship 


CITY 


STATE OR COUNTRY 




PostOfnce 
Address 


ADDRESS 


CITY 


STATE Oft COUNTRY ZIP CODE 


Full Name of 
5th Inventor 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS 


CITY 


STATE OR COUNTRV ZIP CODE 



I further declare that all statements made herein of my own knowledge are true, and that all statements on 
infomiation and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 

1st Invemor A 0 J T^n'if^^^^ Date M^hcL22. XoOO 

2nd Inventor Date 

3rd Invemor Date 

4th Inventor Date 

5th Inventor Date 
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